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Abstract. The cordierite powders were successfully synthesized by a solid state reaction method, by
using raw materials of high purity powder of MgO, Al,O; and SiO,, mixed according to the
stoichiometric ratio of cordierite. The cordierite powders were prepared under different
manufacturing conditions and the phase structures were characterized by X-ray diffraction. The
results showed the optimizing high purity and better flowability cordierite ceramic powder was
achieved by using smaller size oxides particles at calcining temperature of 1425°C for 2 hours.

Introduction

Polycrystalline oxide ceramics with cordierite matrix occupies a specific place among the
advanced ceramic materials because of its very low (near zero) thermal expansion coefficient,
superior thermal shock resistance, excellent chemical resistance and high elastic modulus. Presently,
the realisation of the application potential of cordierite matrix ceramics has been the attention of the
high stiffness, light weighting and accurateness of cordierite ceramics; it fits well with the designed
requirements of equipmental structure, it could be widely used in many fields such as high precision
lithography equipment, large space telescope and new optical systems ! ). But the amount of existing
natural cordierite minerals is low, the man made cordierite ceramics were sintered by the cordierite
powders which are usually synthesized by natural materials or oxide chemical reagents, to meet the
industrial demand. In order to reduce production costs, there are different methods to synthesize for
the cordierite powder, using natural material such as talcum, Kaolin, montmorillonite, diatomite,
andalusite and sepiolite et al, plus some other industrial solid wastes . The cordierite powder
prepared by the raw material mentioned above could enhance the sintering densification of powder
products, but the existing of the second phase which introduced by impurity has some bad influence
on thermal expansion coefficient and dielectric propertiest”®.. Recently, it has become a research
hotspot that how to synthesize the high purity cordierite composite powder and to sinter high density
cordierite using the high purity powders in normal atmosphere and lower sintering temperature.

The powders were usually synthesized by precipitate wrapping method, sol-gel method and
solid-state reaction method et al. By using precipitate wrapping method the cordierite nano-powders
were prepared with highly uniform and fine granularity, but it is such a complicated manufacturing
processes of magnesium aluminum hydroxide (MgAl,s(OH)y) as one of the raw material used in
production which had to be prepared by thermal spray method (from spraying melting metal Mg, Al
within distilled water) ©" ' By using sol-gel method the finer and more uniform cordierite precursor
were obtained, but the production process is characterized by complexity, long cycle and high cost
which limited the large industrial scale production """ % The latest study showed that the high purity
cordierite powder with fine particle size and sintering activity could be achieved by solid-state
reaction under high temperature using mixed oxides according to the theoretical composition of
cordierite, which is the one of the effective methods for large-scale production of high performance
cordierite ceramics. Because of the sintering temperature range of cordierite ceramic is very narrow,
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it has several problems such as the non-uniform distribution of cordierite particles size, difficult to
control of crystalline growth and introduction of the second phase into the cordierite phase et al.,
which lead to the big variation of the thermal expansion coefficients of the composite even under very
small adjustment of the sintering formula in the process of cordierite ceramic preparation.

In this paper, the cordierite powders were successfully synthesized by a solid state reaction
method, by using raw materials of high purity powder of MgO, Al,O3; and SiO,, according to the
stoichiometric ratio of cordierite. The impact factors such as cordierite particles size, sintering
temperature and granulation process for the synthesis cordierite powders were studied by X-ray
diffraction.

Experimental procedure

Materials.

Highly pure magnesium, aluminum and silicon oxides were employed as raw materials, which
were named A and B group with different particle size respectively (see table 1). The experimental
formula were designed on the basis of the theoretical composition of cordierite ceramic (the mass
fraction of MgO, Al,O3; and SiO; are 14.0%, 35.0% and 51.0% respectively). Table 1 and table 2
present the raw materials and compositions of studying system.

Table 1 the raw materials used in the experiment

particle size of ) particle size purity of B
No. name purity of A group
A group of B group group
1 MgO 75um =98% lpum =98.5%
2 AlLO; 0.5um =99.5% 0.5um =99.9%
3 SiO, 75um =98% 30nm =99%
Table 2 Formula

No. name A group B group

1 MgO 240g 240g

2 AlLOs 610g 610g

3 SiO, 900g 900g

4 Absolute Alcohol ~1000ml ~1000ml

Procedure.

A and B group raw materials from table 2 were ball-milled in acetone with high purity
zirconia(99.5%) grinding media using the absolute alcohol dispersant for about 8h, subsequent dried
and filtered through 60 mesh. Powders milled of A group were synthesized and sintered at different
temperature in oxidizing furnace and then held 2h at designed temperatures. Powders milled of B
group were divided into two parts; one part has the same processing procedure as A group powders;
the other part was granulated manually prior to dry pressuring with the pressure of 100MPa then
sintered at different temperature in oxidizing furnace and held 2h at designed temperatures, which
aimed to compare the effect of synthesizing powders with granulating or without granulating.

Characterization.

X-ray diffraction (XRD) analysis was employed to identify the phases present in the sintered
powder. According to theoretical calculation of intensity of main X ray diffraction lines of cordierite,
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the phases were analysis by the JCPDS database (1996, Sets 1-46)with a search system. The structure
was examined with scanning electron microscopy of QUANTA FEG250 made by FEI Corporation.

Results and discussion

Influence of temperature to the synthesizing cordierite powder.

The powders milled of A group were sintered at different temperatures and held 2h at designed
temperatures, the selected temperature were 1380°C, 1390°C, 1400°C, 1410°C, 1420°C, 1430°C,
1440°C and 1450°C. According to the analysis of the final phases of sintered powders, the best
sintering temperature will be determined.

Morphology of cordierite powder after different temperature calcination treatment are given in
Fig.1. Fig.1 (a, b, ¢ and d) presents the morphology of the cordierite powder at temperature 1380°C,
1400°C, 1430°C and 1440°C respectively. The particles agglomerate slightly and most of them are
spherical and fluffy with a small number of reunion at lower sintering temperatures, which is shown
in Figl. (a) and (b). With temperature increasing, reunion agglomeration phenomena raised
significantly, as the temperature is above 1430°C, the morphology of the powder changed from fluffy
to solid block with semitransparent, just shown as Fig.1 (¢) and (d).

Fig.1 Photos of as-prepared cordierite powder at various temperatures. (a)1380°C,(b)1400°C,
(c)1430°C, (d)1440°C

The XRD patterns of the synthesized cordierite powders at temperature from1380°C to 1450°C are
shown in Fig.2 (a) and (b). The obvious characteristic peaks of cordierite, magnesium aluminate
spinel and silicon dioxide at sintering temperature of 1380°C have been identified. In the range of
1390C to 1420°C, the intensity of peaks of magnesium aluminate spinel and silicon dioxide
decreased with temperature increasing, the intensity of peak of cordierite increased that indicated the
purity of the cordierite improved. When the sintering temperature reached to 1430°C, the
characteristic peaks of magnesium aluminate spinel and silicon dioxide were disappeared and only
cordierite was existed in the synthetic product. On the base of these facts, it was concluded that
during the synthesizing process, at first the magnesium aluminate spinel were formed by MgO and
AlyOs, which reacted with SiO,, leading to the formation of cordierite. Because of the sintering
temperature range of cordierite ceramic is very narrow, cordierite is completely decomposed into
mullite at the increasing temperature of 1450°C.
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Fig.2 The XRD patterns of cordierite powders calcined at various temperatures from 1380°C to
1450°C (a)1380°C~1440°C, (b)1450°C

Influence of granulation to the synthesizing cordierite powder.

The powders milled of B group were divided into two parts, one part was just like A group
powders which directly sintered at temperature of 1420°C, 1425°C, 1430°C and 1450°C then held 2h
at designed temperatures, the other part was granulated manually prior to dry pressuring with the
pressure of 100MPa then sintered at the same selected temperature of 1420°C, 1425°C, 1430°C and
1450°C then held 2h. The influence of granulation to the synthesizing cordierite powders is
investigated according to the microstructure of the sintered powder.

The powder with granulation or without granulation agglomerate slightly and most of them were
white, spherical and fluffy with a small number of reunion at lower sintering temperature. With
temperature increasing to 1430°C, the powder with granulation still remain white, loosely powders
with little reunion agglomeration, the powder without granulation shows some white block of reunion
agglomerate. As the temperature reached above 1435°C, the white transparent block were observed in
both powders with granulation or without granulation. It implies that granulation could help to
reduce the reunion agglomeration of the sintered cordierite powder on the base of obtained facts.

Microstructures of cordierite powders at sintering temperature of 1420°C with granulation or
without granulation are given in Fig.3. Fig. 3(a) presents the cordierite powder without granulation
with irregular polygon, a certain pore size distribution and a wide-range particle size distribution. Fig.
3(b) presents that although the powder with granulation with irregular polygon, but the particles have
narrow size distribution and the particle size is much smaller than the powder without granulation.

I‘\.' n

Fig.3 SEM images of cordierite powder with and non-granulation at 1420°C
(a) non-granulation (b)granulation
The powders milled of B group were sintered at different temperatures and held 2h, the selected
temperature points of 1425°C, 1430°C, and 1435°C. Microstructures of sintered cordierite powder are

347



given in Fig.4. It shows that the growth of the cordierite grains could be enhanced at the three selected
temperature point, and the grain microstructure is relatively uniform and dense. By comparison of Fig
4 (a) and (b); the cordierite powder with sintering temperature of 1430°C have an ideal grain
structure, better edges and corners structure, closely compacted and flake stacking shape. Fig. 4(c)
presents that with increasing the temperature, the liquid phase was formed, the grains could generate
agglomerations and the grain boundary reduced, amalgamated and disappeared. The results are
consistent with the macro-phenomena that the morphology of the powder changed from fluffy to
solid block with semitransparent appearance.

Fig.4 SEM images of cordierite powder with granulation at various temperatures
(a)14257C, (b)14307C, (c)1435C

The XRD patterns of the synthesized cordierite powders with B group particles with granulation at
temperature of 1435°C are shown in Fig.5. The purity of cordierite powder increased with the
granulation than those without granulation. This means that the process of granulation could improve
the sintering activity and promote the synthesis of cordierite powder. Because of the temperature
range for sintering cordierite ceramic is very narrow, cordierite is completely decomposed into
mullite phase at the increasing temperature above 1430°C, which is consistent with the morphology
of the powder.
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Fig.5 The XRD patterns of cordierite powders with granulation and non-granulation calcined at
1435C

Influence of particle size to the synthesizing cordierite powder.

The powders milled of B group without granulation were sintered at different temperatures and
held 2h, the selected temperature points of 1420°C, 1425°C, and 1430°C. Based on the A group test
result of sintered at same selected temperature points (shown in Fig.2), comparing the morphology of
the calcined powder, it aimed to investigate the influence of particle size to the synthesizing cordierite
powder.
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The XRD patterns of the synthesized cordierite powders with finer raw materials at different
temperature are shown in Fig.6. The major phases of a-cordierite and B- cordierite were obtained at
the temperature of 1420°C, impurity phases such as magnesium aluminate spinel and mullite were not
precipitated. Comparing the process of sintered cordierite powder with A group coarse raw material,
the synthesis temperature decrease and the purity of synthesized powder increase remarkably with B
group of fine raw material. The results of cordierite phases precipitating fast and accelerating the
phase transformation process with the increasing temperature may be due to the fine particles of
smaller particle size and large specific surface area which could improve the sintering activity and
decrease the free energy of the system.

o a-cordierite

B 3- cordierite
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Fig.6 The XRD patterns of cordierite powders with smaller size oxides particles from 1420°C to
1430°C

Because of its very low coefficient of thermal expansion, excellent dielectric properties and super
strength, cordierite material has gained a significant attention in the development of large scale
integrated circuit, micro-electronics, aerospace and other fields. The high quality of cordierite
powders is one of the key factors for preparing the low expansion ceramics with ideal properties.
Synthesizing cordierite powders with solid state reaction has the characteristics of simple operation,
better reliability, easy to acquire powders with high purity and uniformed particle size, which has a
good role in promoting synthesizing low thermal expansion cordierite ceramics.

Conclusion

1. The cordierite powder are synthesized by using raw materials with different particle sizes. The
results show that under 1430°C, the purity of cordierite powder increases with the raising sintering
temperature, the cordierite phases turn into mullite phases when the sintering temperature above
1430°C. So the optimum sintering temperature is not beyond 1430°C.

2. The study of influence of granulation to the synthesizing cordierite powder indicates that
granulation is beneficial to reducing the block phenomena of calcined powder.

3. The study of influence of particle size to the synthesizing cordierite powder shows that the
synthesis temperature decrease and the purity of synthesized powder increase remarkably with fine
raw materials.
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