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¹ 1  89ºLMv� 

Fig.1  Experimental ceramic powders: (a) Al

2

O

3

 and (b) SiO
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¹ 2  DLDyz»¼¹ 

Fig.2  Schematic diagram of DLD: (a) powder feeding effect,  

(b) actual forming sample, and (c) scanning strategy (Z is 

the deposition direction) 

 

� 1  DLD ������ 

Table 1  DLD processing parameters 

Parameter Value 

Spot diameter/mm 2 

Laser power/W 300 

Increment of Z-axis/mm 0.4 

Powder feeding rate/g·min

-1

 0.64, 1.14, 2.54, 3.31 

Scanning speed/mm·min

-1

 100, 200, 400, 600 

b 

60 µm 

a 

Φ4 mm

a 

b 

c 
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¹ 3  �¿=>?@.AXÀÁef 

Fig.3  Cylindrical samples prepared by DLD with different 

laser energy densities: (a) 15 J/mm

2

, (b) 22.5 J/mm

2

, 

(c) 45 J/mm

2

, and (d) 90 J/mm
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¹ 4  DLDcdXÀÁefNOij 

Fig.4  Pore distribution of cylindrical samples prepared by DLD with different laser energy densities: (a) 15 J/mm

2

, (b) 22.5 J/mm

2

,  

(c) 45 J/mm

2

, and (d) 90 J/mm
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Fig.5  Porosity (a) and density (b) of cylindrical sample 
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¹ 6  DLDcdIJKÃÄÅÆÇ�zÈ 

Fig.6  Morphology of mullite 

Ã

tabular cellular

Æ

 prepared by 

DLD (200 mm/min, 10% HF etching for one week)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¹ 7  �¿,¬­fÉ DLDcdefQRST 

Fig.7  Microstructures of samples prepared by DLD

 

under different processing parameters: (a) 90 J/mm

2

, 100 mm/min; (b) 45 J/mm

2

,  

200 mm/min; (c) 22.5 J/mm

2

, 400 mm/min; (d) 15 J/mm

2

, 600 mm/min
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¹ 8  �¿,¬­fÉ DLDcdXIJKÊËÇ��Ì 

Fig.8  Average cellular spacing of mullite prepared by DLD 

under different process parameters 
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Fig.9  Effect of laser energy density on flexural strength of 

sample 
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Fig.10  Average grain size of mullite prepared by DLD under 

different process parameters 
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Fig.11  Effect of laser energy density on microhardness (a) and  

fracture toughness (b)  
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Fig.12  Indentation morphology of the longitudinal section of the 

sample prepared by DLD (LEAD is 45 J/mm

2

) 
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Effect of Laser Energy Input on Microstructure and Properties of Direct Laser 

Deposited Mullite Ceramics 

 

Zhao Dake, Wu Dongjiang, Niu Fangyong, Ma Guangyi 

(Key Laboratory for Precision and Non-traditional Machining Technology of Ministry of Education, Dalian University of Technology, 

Dalian 116024, China) 

 

Abstract: The effects of laser energy density on the porosity/density, microstructure, and mechanical properties of direct laser deposited 

melt growth mullite ceramics were investigated. The results show that the mullite ceramic samples prepared with lower laser energy 

density (15 J/mm

2

) have large pores distributed on the edges, making the porosity of the specimen higher. The sample surface has serious 

sticky powder, which is related to the high scanning speed and the high viscosity of the silicate melt. The ceramic samples with a smooth 

surface and smaller mullite grain size can be prepared by higher laser energy density (15 J/mm

2

). However, due to the high energy input 

into the molten pool per unit time, the pores generated by the evaporation of the powder are too late to escape from the molten pool, 

resulting in larger pores in the core of the sample, deteriorating the mechanical properties of the samples. The mullite ceramic samples with 

a relatively smooth surface, low porosity, and high mechanical properties can be obtained when the laser energy density is 45 J/mm

2

. The 

results of this study can provide theoretical guidance and technical support for the rational selection of process conditions in the process of 

manufacturing high-performance ceramics with directed laser additive manufacturing. 

Key words: additive manufacturing; ceramics; laser energy density; porosity; mechanical properties 
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