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Research Progress in Selective Laser Sintering Melting of Oxide Ceramics

XU Xiaogiang, QIU Jinyong, HUANG Daowei

(Jihua Laboratory, Foshan 528200, Guangdong, China)

Abstract: As one of the main means of additive manufacturing technology, laser selective sintering/melting technology has
obvious advantages in fabricating complex structural parts, shortening manufacturing cycle and reducing production cost.
Ceramic materials have great prospects in automobile, medical treatment, aerospace, battery and other fields. Forming oxide
ceramics by using stimulated light sintering technology can greatly expand the application field. Currently, the fabrication
technology for special materials is not mature and the traditional SLM equipment cannot meet the requirements. In this article,
the process principles and research progress of oxide ceramic laser selective sintering melting technology will be summarized,
in terms of material properties, powder laying mode, heating temperature and forming quality. The main reasons for restricting
the forming effect will be discussed. Finally, the application of laser sintering technology in oxide ceramic manufacturing is
prospected.
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Fig. 1 Pure zirconia 3D objects manufactured by SLS/M
technology ' (a) cone, (b) turbine blade and (c) walls
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Fig. 2 Scraping laser sintering process !'%
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Fig. 3 Variation of laser power and scan velocity '’
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Fig. 4 Working principle of scraper powder spreading !'"!
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(a) 30 W; (b) 60 W; (c) 90 W
Fig. 5 Relative density and side length versus exposure
time ["'): (a) 30 W, (b) 60 W and (c) 90 W
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Fig. 6 Laser printing results of scraper powder spreading [''): (a) cubic and (b) turbine
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Fig. 7 Schematic diagram of fiber laser preheating ['*!
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Fig. 8 Mechanism of vertical crack ['?
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Fig. 9 Different preheating temperatures and YSZ crack changes
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E10 AEBE25HEERKEERXRD
Fig. 10 Laser absorbance versus the content of
graphite ['*!

B 11 iR E @R RETHAOG) TR
Fig. 11 Screening test group (a) and best printing group
(b) printing effect [')

B 12 YLMS-120 ig&EEE!Y
Fig. 12 Schematic diagram of the YLMS-120 device ['¥

B 13 120 W, 200 mm-s~' TFTEREERM
Fig. 13 Printing results at 120 W and 200 mm-s~' ['%
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Fig. 14 Schematic illustrations of the aerosol
deposition apparatus 2"
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B 15 Mt EEEE ) 4 mm-s™ F(b) 2 mm-s' I
BEZUMARER SEM BEP
Fig. 15 SEM picture of powder beds densified using laser
scanning speeds of (a) 4 mm's ' and (b) 2 mm-s ' ]

B 16 HMABZRWAMEMITEHLERD
Fig. 16 Printing results of laser-densified alumina
ceramic (2!
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Fig. 17 Sintering layer morphology under optimal
processparameters at the scanning speed of 15 mm-s~' 22
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Fig. 18 Electrophoretic deposition cell [**/

B 19 SEHEMKRITEIHRP

Fig. 19 Printing effect of alumina powder **)
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Fig. 20 Different B,C content printing results (241

E21 AREBCEETEAUBREVBESHEE
Fig. 21 Sintering shrinkage and densification of
alumina with different B,C content %
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Fig. 22 Alumina ceramic molding results (Al1=22.5 wt.%

) [26]
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Fig. 23 Scanning strategy and printing results:
(a) unidirectional scanning and (b) island scanning 27
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Fig. 24 Principles of crack propagation: (a) parallel crack and (b) vertical crack **]

B 25 (a) SLS HARSIZENEREE; (b) SLM AR #I % S 5 B0

Fig. 25 (a) Corundum filter element prepared with SLS technology, (b) Zirconia parts prepared with SLM technology

[30]
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B27 SUENENRRAMKRTERETITEOHR

Fig. 27 Printing effect of zirconia and alumina mixed powder in different states *']

B 28 SHEMELBERRITONERD: () BRIRE; b) RBEERZNRE; () FEHESMIER
Fig. 28 Printing results of zirconia and alumina powder P®%: (a) Round specimen, (b) turbine of a turbocharger,
(c) framework for a dental restoration
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Fig. 29 SLM printing effect of alumina / zirconia
mixed powder %!
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Fig. 30 Effect of direct laser deposition of Al,03-ZrO, eutectic ceramics

B 31 SUZmEEtIZmRERRD
Fig. 31 Effect of yttrium oxide powder laser
forming process [*!

[34]
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B 32 S HMEERRE LI &S THITENRR
Fig. 32 Printing effect of yttrium oxide powder under
different treatment conditions °*!
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Fig. 33 Schematic diagram of preheating and
sintering of CO, laser 7
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Fig. 34 BaTiO; Printing results 7}

B35 uEEtR AL TEP

Fig. 35 Rapid laser reaction sintering process %
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Fig. 36 Conductivity versus temperature **
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LigsLaOg sTiO; powder molding 391
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Tab. 1 Different preheating methods, temperatures and effects in additive manufacturing

Institutions Mode Temperature/°C Area Forming effect
SLM Solution 280 Thermocouple 550 D=10 cm
Guangzhou Sailing Ltd. Electron beam 1300 Molding bin size
Nanjing University of High frequency induction 1100 100 mmx100 mm No crack
Technology
Northwest University of Laser > 1000 o
Technology
Fraunhofer Institute Laser 1800 20 mmx30 mm H <3 mm no crack
University of Leuven Resistance wire 800 — Exist cracks
The Fourth Mlhtgry Medical Laser 1800 D=10 mm No obvious crack
University
Belfomobria University of Laser 15002000 — Crack decreasing
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