
Influence of the phases with low or negative linear thermal expansion 

coefficients on the porous mullite ceramics 

L. Mahnicka-Goremikina (1*), R. Svinka (2), V. Svinka (3) 

(1),(2),(3) Institute of Materials and Surface Engineering, Faculty of Materials Science and 

Applied Chemistry, Riga Technical University, Paula Valdena Str. 3/7, LV-1048, Riga, Latvia. 

*+371 26852387 and mahnicka@inbox.lv 

 
1. Introduction - Mullite-based ceramic is a large section of refractory ceramics. The linear thermal 

expansion coefficients (LTEC) of porous mullite ceramics ranging from 4.0 to 5.9·10−6·°C−1 (average 

between 30°C and 1000°C)[1]. The average LTEC of mullite ceramics can be decreased by adding raw 

materials with a low or negative linear thermal expansion. The main purpose of the investigation is the 

determination of the in situ formation of additional crystalline phases with low or negative LTEC in 

porous mullite ceramic due to adding ZrO2 and WO3 during the ceramic sintering time.  

 

2. Experimental - Porous mullite ceramics were prepared from commercially available raw powders, 

such as α-Al2O3, γ-Al2O3, amorphous SiO2 and kaolin. In all compositions, the amount of kaolin was 30 

wt%, the ratio of Al2O3 to SiO2 was corresponded to the mullite stoichiometric composition and the ratio 

between of α-Al2O3 and γ-Al2O3 was 1:3. The ratio of α-Al2O3 to γ-Al2O3 was determined as effective in 

previous studies [2, 3]. Yttria stabilized zirconia (YSZ, 8 mol% Y2O3), magnesia stabilized zirconia 

(MSZ, 2.8 mol % MgO) and WO3 were used as modification additives. The amount of each type of 

zirconia was 5 wt%, separately as well as in a mixture with WO3 in a 1:1 and 1:2 ratio.  Ceramics samples 

were formed by slip casting of the concentrated slurry. Suspension of aluminium paste was added 

additionally for the pores formation due to the chemical reaction between the Al and water with hydrogen 

gas evolution. Dried samples were sintered at 1600°C for 1 hour. 

 

3. Results and Discussion - Sintered mullite ceramics have the porosity about 65−75±3% and bulk 

density about 1.12−1.25±0.05 g/cm3. Al2(WO4)3 alone or together with ZrSiO4 was detectable into the 

porous mullite ceramics after using differently stabilized zirconia and WO3. The YSZ additive has higher 

influence on decreasing temperature of ZrSiO4 dissociation than MSZ. Sintered porous mullite ceramics 

with YSZ:WO3 mixture in a 1:1 ratio and with MSZ:WO3 in a 1:2 ratio have lowered linear thermal 

expansion at the temperature range 200−1300°C and increased resistance to sudden and extreme 

temperatures changes from 20 to the 1000°C. 

 

4. Conclusions - Modified porous mullite ceramics were fabricated by slip casting a concentrated slurry 

of raw materials and were sintered at 1600°C for 1 h with a slow cooling process. It was established that 

the in situ formation of Al2(WO4)3 crystalline phase with negative LTEC in mullite ceramics occurred 

after adding YSZ (8 mol% Y2O3) or MSZ (2.8 mol% MgO) with WO3 mixture in a 1:1 and 1:2 ratio at the 

correspond sintering conditions. Using the certain amount of WO3 prevents the ZrSiO4 dissociation in 

mullite ceramic modified with MSZ. Doubling the WO3 prevents the ZrSiO4 dissociation in the case of 

investigated mullite ceramic with YSZ additive. Addition of the MSZ increases the porosity of mullite 

ceramic. An important result was that the addition of stabilized ZrO2 and WO3 improved thermal 

properties of sintered porous mullite ceramics in comparison with unmodified ceramics. 
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