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Abstract: Cordierite ceramics, with a formula of 2MgO-2A1203-5Si02, are characterized by low coefficient of thermal expansion
and low dielectric constant, as compared with common structural ceramics, such as SiC and Al>Os3, thus having wide applications
in the fields of metallurgy, automotive, catalytic, environmental protection and electronics. For different applications, the
cordierite ceramics should have different performances. In this case, structure and properties of the cordierite ceramics need to be
adjusted by doping with different elements. The progress in the preparation process and application of cordierite ceramics is
reviewed. Especially, the effects of element doping on thermal expansion, microwave dielectric and mechanical properties of
cordierite ceramics are summarized and discussed. The future development of cordierite ceramic is also proposed.
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Fig. 1 Crystal structure of a-cordierite ['): (a) perpendicular to axis ¢ and (b) parallel to axis ¢
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Fig. 2 Crystal structure of B-cordierite ['!l: (a) bare perpendicular to axis ¢ and (b, ¢) structure of the [MgQOs] octahedral
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Tab. 1 Synthesis methods of cordierite ceramics
Synthesis method Advantages Disadvantages
Solid state sintering Simple operation process, Low operating cost Low purity

Sol-gel

Fused glass process

Low temperature combustion

High purity, Large specific surface area, Low
sintering temperature of the obtained powder

Good homogenization effect, High purity

Efficient, Energy saving

Low efficiency, high cost

Long heat-treatment time, high
production cost

Uncontrollable reaction, Dangerous,
pollute the environment
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Tab. 2 Commercial cordierite ceramics in the global market [32-34]

Company Product

Performance Application

Yixing Feifan Ceramic Cordierite threaded pipe

Yixing Non - metal chemical
machinery plant purifying system
Tangshan Red Rose
Ceramics (Special
Ceramics)

Honeycomb ceramic

Gasoline Particulate Filters
Corning Incorporated
in Light-Duty Systems

KYOCERA . .
mirror, vacuum suction cup

Honeycomb ceramic substrate
used in gasoline engine tail gas

(GPF) for Reduced Emissions

Low thermal expansion ceramic

Dielectric constant
5.8 (100 MHz)

The coefficient of thermal
expansion is about
0.80x 1076 °C™!

Cordierite threaded pipe

Gasoline engine exhaust
purification

The coefticient of thermal
expansion is about
2.50x107¢ °C"!

Gasoline engine exhaust
purification

The coefficient of thermal
expansion is 0.50 x 1076 °C™!

Gasoline engine exhaust
purification

The coefficient of thermal
expansion is less than
0.02x 107 °C™!

Optical and semiconductor
manufacturing
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Fig. 3 Electron density distribution in cordierite structure at
different temperatures: (a) room temperature and
(b) 750 °C B8]
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Tab. 3 Factors influencing the microwave dielectric
properties of cordierite ceramics

Parameter Influence factor

Symmetry of the crystal

Quality factor (©>) structure, volume density

Dielectric constant (&) Volume density, porosity

Cell volume, coefficient of
thermal expansion

Temperature coefficient of
resonance frequency (zy)
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Fig. 5 Crystal structures of MgaAl4SisO1s (a) and (Mgo.oNio.1)2A14SisO1s (b) B4
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Fig. 6 Vickers hardness and bending strength of the
glass-ceramics containing different contents of C0203
after crystallization at 1020 °C for 3 h[61]
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Fig. 7 SEM images of pure cordierite (a) and cordierite with 2% CeO: (b) at 1250 °C [64]
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