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Abstract: Aluminum nitrides are considered as high-performance thermal conductive substrate and packaging materials due to the
remarkable properties, including high thermal conductivity, high electrical resistivity, low thermal expansion coefficient, low
dielectric loss and excellent mechanical properties. This review represented the preparation techniques, properties and applications of
AIN powders and ceramics. The challenges and implications for aerospace application were discussed. In addition, their potential
applications for spacecraft electronics were also prospected.
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Fig. 1 Crystal cell structures, powders and ceramic substrates of aluminum nitrides
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Table 1 Properties of AIN materials
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Table 2 A brief summary of synthetic approaches of AIN powders

[21-26]

Approaches Synthesis temperature /‘C Advantages Shortcomings

Direct nitriding of Al powders >660 Simple, no side reactions, Low yield, agglomeration of metal

Carbothermal reduction 1 600-1 850 Abundant raw material, High synthesis temperature, long reaction time
simple and economical process

CVD 600-1 100 Improved conversion rate use of toxic NHj3, high cost

Self-propagating high 800-900 React rapidly Agglomeration of metal,

temperature synthesis

incomplete nitriding
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Table 3 Thermal conductivities of AIN ceramics

[38-41, 47, 52]

Materials (sintering additives) Methods Sintering temperature/ 'C Density/%* Thermal conductivity/(W~m’l ‘K
AIN+Ce0,*") Hot pressing 1900 99.9 156
AIN+CaF,5” Hot pressing 1850 99.8 181
AIN+YF3/Silicides!*”! Pressureless sintering 1850 97.2-100.0 233-196
AIN+Ce0,*! Hot pressing 1700 99.6 168
AIN+Y,05/Ca0/B*") Spark plasma sintering 1650 99.3 80-90
AIN+Y,055%2 Microwave sintering 1900 99.5 186

* is expressed as a percentage relative to the theoretical density of 3.26 g/cm’.
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(c) Schematic diagram of the mechanism of the effect of grain boundary on

thermal conductivity

(d) Scanning electron microscope photographs of AIN ceramics before and

after temperature cycling tests
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