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Abstract: Porous ceramic materials have excellent properties, such as high porosity, good thermal insulation and high temperature
resistance, which can be used to effectively reduce heat loss and play a constructive role in energy saving and consumption
reduction as lining or insulation layer for industrial furnaces. However, at present, porous ceramic materials for thermal insulation
have the shortage of larger pore size and insufficiently high mechanical properties, which are closely related to their fabrication
methods. This paper is aimed to review the current research status of the preparation of porous ceramic materials for thermal
insulation, analyze the problems in current research and outlook of the development trend.
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Tab. 1 Properties of main porous ceramic materials at home and abroad

Coefficient of

Coefficient of thermal

Compressive

Flexural

P(sr(r)r?is Refr?gg)b ility thermal expansion conductivity D?HSI_? strength strength
ceramic (106 °C1) (W-m~-K1) (grem™) (MPa) (MPa)
ALLO3 ~ 2000 7.03 ~3.00 1.0-1.2 3-10 2.5-4.0
ZrOs ~ 2500 6.50 ~2.09 0.7-1.5 3-20 3.0-6.0
Mullite ~ 1800 4.20-5.60 ~1.70 0.9-1.5 2-10 4.0-6.0
Cordierite ~ 1400 1.40-2.00 ~1.50 0.4-1.0 2-8 1.0-3.0
Anorthite ~ 1400 4.82 ~3.67 0.5-0.8 1-6 0.8-3.0
Ceramic Particles Polymer Chain
B & .'.
dos, 0 Ta
'y aed® ()
‘9 e
»®

1

[3]

Fig. 1 Schematic diagram of gel-casting process [*]
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Fig. 2 SEM micrograph of the porous mullite ceramics
made with foaming-casting process at 1550 °C [!7]
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Fig. 3 Relationship between freezing mode and pore structure [?*!: (a) directional freezing, (b) free freezing and (c) spray freezing
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Fig. 4 SEM images (BSE image) of the porous SiC/C ceramics at 1500 °C [321: (a) axial direction observed at a lower
magnification and (b) zoom-in view in panel (a)
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Fig. 5 Experimental set-up for DIW process: (a) filament-based DIW [#2] and (b) droplet-based DIW [43]
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Tab. 2 Comparison of different preparation methods

Preparation methods Porosity

Aperture size Compressive strength

Gel-casting 40%—-80%

Foaming 40%-90%

Sacrificial Templates 50%—-90%

Copy Template 40%-90%

Sol-gel 50%—90%
Additive Manufacturing 5%—80%

Molten Salt Synthesis 40%—-70%

Hydrothermal Synthesis 40%-70%

0.1 um-10.0 pm 5 MPa-30 MPa
10.0 um-10.0 mm 1 MPa-20 MPa
0.1 pm-10.0 um 1 MPa-20 MPa
100.0 pm—10.0 mm 1 MPa-30 MPa
10.0 nm—2.0 pm 5 MPa-40 MPa
10.0 nm—10.0 mm 1 MPa—-20 MPa
0.2 um—-100.0 um 1 MPa-10 MPa
10.0 nm—10.0 pm 5 MPa—-20 MPa
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