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Research progress in preparation and application of silicon
nitride ceramic whiskers

ZHANG Qiansi, LIU Yiming, WANG Weiming, MA Qingsong, WANG Weide’

(Science and Technology on Advanced Ceramic Fibers and Composites Laboratory, College of Aerospace

Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: As a one-dimensional single-crystal material, silicon nitride whiskers possess excellent
mechanical, thermal, high-temperature resistance, and corrosion resistance properties, making them a
widely used reinforcing material. This paper systematically reviews the current status and application
prospects of silicon nitride whisker-reinforced polymer, metal, and ceramic matrix composites. This work
introduces the mainstream methods for preparing silicon nitride whiskers, including self-propagating high-
temperature synthesis, carbothermal reduction nitridation, direct nitridation, and high-temperature heat
treatment. The advantages and disadvantages of each method are analyzed , and the challenges and solutions
in practical applications, such as interface bonding and dispersion uniformity, are discussed. Additionally, the
paper also provides an outlook on the future development prospects of whisker preparation and application.
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Fig.1 Schematic diagram of toughening mechanism of whiskers'”’

(a)mechanism of crack deflection; (b)mechanism of crack bridge link; (¢)scheme of whisker pullout mechanism
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Table 1 Properties of common inorganic non-metallic whisker materials'
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. Density/ Tolerable Tensile strength/ Elastic modulus/  Thermal conductivity/ .
Whisker ) Dielectric constant
(grem™) temperature/°C GPa GPa (Wem™'-K™)
a-SiC 3.2 1800 12.9-13.7 392 360 9.66-10.32
B-Si;N, 3.2 1800 13.8 379 80-177 8.20-9.40
Al,O, 2.9 1450 8.0 400 18-24 8.00-10.00
AIN 3.3 2000 1.2 300 150-270 8.80-8.90
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Fig.6  SEM images of the samples heated at 1750 °C for 1.5 h with different amount of Yb,O, under a nitrogen pressure of 0.07 MPa"*"!
(2)0.5%;(b)1.0%;(¢)2.0%;(d)3.0%
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Fig.7 SEM images of samples are obtained after heat treatment at 1750 °C for 1 h with the introduction of additives Y»Os(a),
La,03(h),Smy0;(c) , Dy:05(d) ,and Lu:Os(e) and their XRD spectra(f)H!
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Fig.11 Polished surfaces of AMCs reinforced with different volume fractions B-Si,N,,
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(a)pure B-SizN,,; (h)0.3%Ni-coated B-SizN,,; (¢)0.6%;5(d)0.9%;(e)1.2%;(H)1.5%
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Fig.12  10%p-SisN,,/SiO, ceramics heated at 1500 °C for 30 min""

(a)microstructure image ; (b) XRD of raw ceramics and heated ceramics
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Fig.14 Microstructure of the material after heating at 1550 °C for 2 h"*)

(a)Fe;Si particles and 8-Si;N, nuclei; (b)fracture morphology
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Fig.15 Microstructure of the fracture surface of the sample under different forming pressures
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