462+

VG R 22 2% 35 West China Journal of Stomatology 2024-08

42(4)

MR T ESHNBEERBUTREIRE S TLHE.
R FEAE RO R 22

#£4&' BRIKR? T FRE' LH 3wy
1. A ER K AR TAZF2 12, AR 610106; 2.9 )1 K FHAR LA FE, RAR 610065;
3.RERAT T A A A TR F), A AR 610064

FEE] B MR 8 T 7edl a3t TR X E (SLM) BAR W B A 4 1 s 8 2 7R R FL
BT | R i o e (R, ARSE TR RN T A SRS RO 28 1 S PR RE R 2 BILR] , R4 ORS00 5 T RERE A
SUPEARELA B D I Z AR T 22 5GEH . Ak @ SLM I B iFTE S8, BTt HihE
FE VA B AT H A1 X T B 85 £ A BB AL Rt | R T RURE 32 TR 32 A2 i) o A B G AR RO 2 A 25 6 R e B
AR AR, BRFLBRAIE seHLE, I BB T SLM AR A S LR SHe s E 2 A cH ., &R 4
FE 25 B2 T 0.18 J/mm I, KA VLIS F 5 1 AL B 5 O RE B FEAIR T 0.13 J/mm B, 65 i [R] B2 A J0 PR A3 A
RIFEIEARTT P2 e Be b . JE HE G4 AR 2 BE M M 0.30 J/mm B T 0.12 J/mm (9 B{E R, fLER B E 7 2
it 1%, teAh, SLMZFRME G 400 3 e EDHDRE B2 5 ARt 2% B Z M S A GG R, 25 WRE LR Z ) 5 /2 1
KFR, &t FETARUFRANFEM B BB 4 5, BIhsha T SLM A4 FL
BT 1% RG22 8. BRI, XEOCH S8 T BE %, HIK
HML Y 0.13~0.30 J/mm, [RIE, 56 H] BE R 7™ A 45 175 90 pm LA .

[REA]  HotERKiEL; DRBER; TR ESE

[FESZES] R783.2 [XEHRZER] A [doi]l 10.7518/hxkq.2024.2023400

Effect of laser process parameters on the pores, surface roughness, and hardness of laser selective melting of den-
tal cobalt-chrome alloys

Sang Lei', Yan Jiazhen’, Li Ning®’, Xin Chenglai', Wang Qun’, Liu Chang'

1. Faculty of Mechanical Engineering, Chengdu University, Chengdu 610106, China; 2. Faculty of Mechanical Engi-
neering, Sichuan University, Chengdu 610065, China; 3. Chengdu Keningda Material Limited Company, Chengdu
610064, China

Supported by: Project of Science and Technology Department of Sichuan Province (2022NSFSC0328); Youth Project of

Science and Technology of Sichuan Province (2022NSFSC2007)

Correspondence: Li Ning, E-mail: lining@scu.edu.cn

[Abstract] Objective To address the quality problems caused by high porosity in the preparation of dental cobalt-
chrome alloy prosthetics based on selective laser melting (SLM) technology, we investigated the influence mechanism of
different forming process parameters on the microstructure and properties of the materials. Moreover, the range of form-
ing process parameters that can effectively reduce defects was precisely defined. Methods The effects of laser power,

scanning speed, and scanning distance on the pore properties, surface roughness, and hardness of dental cobalt-chrome al-

loy were investigated by adjusting the printing parame-
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pore formation mechanism was revealed, and the relation-
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dental cobalt-chrome alloy was elucidated. Results When the linear energy density was higher than 0.18 J/mm, the po-

rosity defect easily appeared at the bottom of the molten pool. When the laser energy density was lower than 0.13 J/mm,

defects occurred in the gap of the molten pool due to insufficient melting of powder. In particular, when the linear energy

density exceeded the threshold of 0.30 J/mm or was below 0.12 J/mm, the porosity increased significantly to more than

1%. In addition, we observed a negative correlation between free surface roughness and energy density and an inverse re-

lationship between macroscopic hardness and porosity. Conclusion On the basis of the conditions of raw materials and

molding equipment used in this study, the key process parameters of SLM of molding parts with porosity lower than 1%

were successfully determined. Specifically, these key parameters included the line energy density, which ranged from

0.13 J/mm to 0.30 J/mm, and the scan spacing should be strictly controlled below 90 pum.
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Tab 1 Printing parameters of different groups and

corresponding energy density

WOt FARNEE BB AR fRhk R

Hal
THR/W  (mm/s) pm (J/mm) (J/mm?*)
1 200 1100 70 0.182 86.6
2 170 1100 70 0.155 73.6
3 140 1100 70 0.127 60.6
4 110 1100 70 0.100 47.6
5 170 500 70 0.340 161.9
6 170 600 70 0.283 134.9
7 170 700 70 0.243 115.7
8 170 800 70 0.213 101.2
9 170 1100 70 0.155 73.6
10 170 1400 70 0.121 57.8
11 170 1 600 70 0.106 50.6
12 170 1 800 70 0.094 45.0
13 170 1100 30 0.155 171.7
14 170 1100 40 0.155 128.8
15 170 1100 50 0.155 103.0
16 170 1100 70 0.155 73.6
17 170 1100 90 0.155 57.2
18 170 1100 110 0.155 46.8
19 170 1100 130 0.155 39.6
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Fig 1 Metallographic diagram of microstructure with different laser powers metallurgical microscope x 200
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Fig 2 Metallographic diagram of microstructures with different scanning speeds metallurgical microscope x 200
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Fig 3 Metallographic diagramof microstructures with different scanning distances metallurgical microscope x 200
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Fig 4 Effect of line energy density and sweep spacing on porosity
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Fig 5 Simulated the effect of weld pool size and scanning spacing on overlap rate
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Fig 6 Influence of energy density on upper surface roughness
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