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Effect of ZnO on Phase Formation and Microstructure Development
of Porous Mullite Ceramics
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Abstract: Porous mullite ceramics were fabricated by using high-energy ball milling and solid state sintering with Al,O3 and SiO,
as the main raw materials and ZnO (0-37.5 mol%) as an additive. The effects of ZnO and sintering temperature on phase
formation, microstructure evolution, thermal expansion, bulk density and porosity of the porous mullite samples were examined.
The results show that ZnO has a positive effect on the phase formation and anisotropic grain growth of mullite. The formation
temperature of mullite phase is 1300 °C in samples doped with 37.5 mol% ZnO, which is nearly 100 °C lower than samples
without ZnO doped, and the size of anisotropic grain increases. The porosity of the as-prepared porous ceramics increases, while
the linear shrinkage and bulk density decrease with ZnO increasing from 0 mol% to 37.5 mol%. When the content of ZnO is 37.5
mol% , the linear shrinkage and bulk density of the porous ceramics samples are 1.59% and 1.96 g/cm®, with the maximum
porosity of 45.54%, after sintering at 1500 °C. This method provides a new approach for the preparation of porous mullite
ceramics without pore-forming agent.
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Tab. 1 Compositions of the raw materials

Sample Al,O3/mol Si0,/mol ZnO/mol X ZnO content/mol%
1 0.150 0.100 0 0 0
2 0.150 0.100 0.005 0.1 9.100
3 0.150 0.100 0.015 0.3 23.100
4 0.150 0.100 0.030 0.6 37.500
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1ALO; SiO, ZnO XRD
Fig. 1 XRD patterns of the milled and unmilled
mixtures of Al,O3, SiO, and ZnO
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2 ZnO XRD

(a) 0 mol% ZnO (b) 9.1 mol% ZnO (c) 23.1 mol% ZnO (d) 37.5 mol% ZnO

Fig. 2 XRD patterns of the milled samples with different contents of ZnO sintered at different temperatures:
(a) 0 mol%, (b) 9.1 mol%, (c) 23.1 mol% and (d) 37.5 mol%

3 37.5 mol% ZnO 1100 °C-1500 °C SEM
(a) 1100 °C  (b) 1200 °C (c) 1300 °C (d) 1400 °C (e) 1500 °C
Fig. 3 SEM images of the samples with 37.5 mol% ZnO after sintering at 1100-1500 °C
(a) 1100 °C, (b) 1200 °C, (c) 1300 °C, (d) 1400 °C and (e) 1500 °C
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4 0 mol%-37.5 mol% ZnO

1500 °C SEM

(a) 0 mol% ZnO (b)9.1 mol% ZnO (¢)23.1 mol% ZnO (d)37.5 mol% ZnO

Fig. 4 SEM images of the samples with 0-37.5 mol% ZnO after sintering at 1500 °C:
(a) 0 mol% ZnO, (b) 9.1 mol% ZnO, (c) 23.1 mol% ZnO and (d) 37.5 mol% ZnO
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5 ZnO

Fig. 5 Densification curves of the samples with
different contents of ZnO
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Fig. 6 Bulk densities of the samples doped with different
contents of ZnO as a function of sintering temperature
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Fig. 7 Porosities of the samples sintered at high
temperatures as a function of the content of ZnO
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