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Figure 1 Structure cells of SisNy: (a, b) a-phase; (c, d) p-phase '
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Table 1 The synthesized methods and related properties of Si;N4 porous ceramics

Synthesized method Advantage Disadvantage

Partial sintering method High strength; Low porosity; Difficult controlling of porous
Controlled porosity structures

Adding pore former method  Controlled porosity Non-uniform porous distribution; Low

strength with high porosity

Shaped by injection method ~ Uniform embryo Difficult controlling of forming process;
structure; Higher Non-uniform porous distribution
strength

Microwave synthesis method  High porosity High synthesized temperature

SHS High porosity Difficult controlling of porosity

peed  Z2EKV X560 18vm HD13

E 2 (a) HomAamsE & (b) ERREAELATHENANEESLEEOHAEH
Figure 2 SEM images of Si;N, porous ceramics prepared by (a) partial liquidus sintering method !
and (b) adding corn flour as pore former
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Figure 5 (a) Pore diameter distribution of SizN, porous ceramics with different sintering aids and (b) Effect of the
content of sintering aids on the flexure strength of SizN, porous ceramics!™”
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B 13 SisN, JR % 48 LLE 1100°C B4 B9 20 wt% ZeP,0, % 4 SisN, % .14 % #7 XRD [ i#
Figure 13 XRD patterns of Si;N, raw powder and Si;N4 porous ceramics containing 20 wt% ZrP,0;
sintered at 1100°C

1

B 14 ZrP,0, % 4 SiN, % S £ 89 SEM BB . ZrP,0, 48 (a) 5 wt%; (b) 15 wt%; (c) 25 wt% 19
Figure 14 SEM images of SisN4 porous ceramics containing (a) 5 wt%, (b) 15 wt% and (c) 25 wt% ZrP,0,
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B 15 1000°C %24 15 2|6 20 wt% ZrP,0, 4 6 SisNy Z LG & (a) ATRH 24 SisNy Fk DL R ik 4
2 (b) B (a) F SLN, FALE EDX 4474 & (0) ZILAERNMAF I, @15 SisN, Fkr . FLFE A ZrP,0,
KA (d) B () BRERBEEHIEF; (o) ZrP,0; K 45 7l o 5 78 b d A 4 21>
Figure 15 Si3N,4porous ceramics containing 20 wt% ZrP,0; sintered at 1000°C: (a) individual Si;N, particle (the

insert image shows the lattice fringe); (b) EDX image of SizN, particle; (c) microstructure of Si;Ny particle, pore
and ZrP,0, binder; (d) high resolution image of the region showing in (c); (e) lattice fringe of ZrP,0; binder >
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Figure 16 The porosity of ZrP,0,/Si;N, porous
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Figure 17 The bending strength versus (a) ZrP,0O; content and (b) porosity of ZrP,0,/Si;N4 porous ceramics
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Figure 18 The Young's modulus versus (a) ZrP,O, content and (b) porosity of ZrP,0,/Si3;N, porous ceramics
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Figure 19 The dielectric constant of ZrP,0,/Si3;N4 porous ceramics sintered at different temperatures versus (a)
ZrP,0; content and (b) porosity ”
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Figure 20 The dielectric loss of ZrP,04/Si3N, porous ceramics versus ZrP,O; content (501
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Figure 21 SEM images shown the fracture surface of ZrP,04/Si;N4 porous ceramics (a) before and (b) after 2 h
heat treatment at 1600°C 1°%
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Figure 22 The thermal expansion coefficient of as-prepared ZrP,0-/SisN, porous ceramics
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Silicon Nitride Based Porous Ceramics: Preparation Technologies,
Porous Structure and Properties

SU Rui, HUANG Zhi-Feng, LI Fei-Yu, CHEN Fei, SHEN Qiang

State Key Lab of Advanced Technology for Materials Synthesis and Processing, Wuhan University of
Technology, Wuhan 430070, China

Abstract Silicon nitride porous ceramics is an advanced type of structure —function integration
ceramic materials which is popular in recently, and it has profound application prospect in acrospace,
machinery, chemistry, oceanographic engineering and other significant domain. In this article, the
main preparation technologies of porous Si;N, ceramics have been summarized, and the research
progress about the mechanical and dielectric properties of porous Si;N4 ceramics have been reviewed
in this paper. Further, consider about the problem that it is hard to improve the mechanical properties
of porous Si3N, ceramics with high porosity, the research hotspot is moving on porous Si;Ny
ceramics with phosphate binder. Therefore, their preparation technologies, mechanical, dielectric and
thermal properties have been analyzed in further, and the potential application of porous Si;Ny
ceramics was discussed.

Key words: Porous Si;N, ceramic; Preparation technique; Porous structure; Mechanical
property; Dielectric property

FAEHEIE, 5, it
WA AR . 2010 4 9 H&E
2014 4 6 AR TR RS
Bk T MR 4 I8 A R TR
Tl FRMRE A A
2014 4 9 H &A1 i
BT REMER S TEE

HWIRIEE L, 5, T,
g, WA, POV
BT RFEMEE AR E
X A S0 R AT
FUIT R SE iR A M RHN B
th % SRR S RV
s FEBBEEA RIS 5451

Ao FERFT AR AR RS RS M T T <Dk BB
A P B il 4 S FLAERERIT I o RAMRIE R ARt Sl LK
el 94 B2 22 AL B 11 1) 6 5 FLIBEE 05 A 4 ) A5 4

7 RER A BRI T AR



