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Porous Mullite Ceramics Doped with W03 
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I. INTRODUCTION 

Ceramics based on alumina (Ah03) and silica (Si02) have 
such properties as high refractoriness, high bending strength 
and high creep resistance, good chemical and thermal stability. 
Mullite (3Ah03 2Si02) phase is the important stabile 
crystalline phase in the alumosilicate system. Therefore, 
mullite ceramics with high porosity serve as a heat insulator 
and filters , as well as can be used in constructional and 
thermal engineering. Our porous mullite ceramics were 
obtained by slip casting of suspension of raw materials. The 
metallic aluminium paste is used as pore forming agent [I]. 
The W03 additive influences on the properties of mullite 
ceramics [2]. 

II. EXPERIMENTAL PROCEDURE 

A. Raw materials and Characteri=ation 

Commercially available Ah03 (Nabalox, Germany): 
a -AI203 (d5o=4 J.lm) and y-Al20 3 (d50=80 J.lm), kaolin (MEKA, 
Germany) (with Si02 -56.2 wt%, Ah0r31.0 wt%, Fe20r0.29 
\\1"/o, kaolinite 72 wt%, quartz 21 wt%, illite 7 wt%), pure 
Si02 (d5o=6.94 J.lm), W03 (d50=5 11m) powders were used as 
!he starting materials. Aluminium paste (Aquapor 9008) was 
used as the pore former. Distilled water was needed for 
reation ofraw materials suspension. 

Mullite stechiometric compositions is 3Ah03'2Si02, 

illerefore Ah03 and Si02 were in 2.57:1 ratio in all samples. In 
:ill compositions of samples a-AhOJ and y-AhOJ were used in 
:he ratio 1 :3. The quantity of kaolin was 30 wt%. The weight 
,.. rcentage of W03 additive was 5% of dry raw materials 

ass . Water content in the suspensions was 38-40 wt%, 
" uminium paste was 0.18 wt% in all samples. 

B. Preparation of the Samples and Testing Method 
The technological method of the sample preparation 

-:eluded three main processes. First of them was preparation 
,; suspension of raw materials with following adding of 
=pension of AI paste. Slip casting of final suspension in the 

ould, pore formations and solid ification of the suspension 
ere the second stage. The third process was the drying of the 

5ai11ples (24 hours, T=50°C) and sintering at the necessaries 
:.."UUperatures (1200°C, 1300°C, 1400°C and 1500°C, holding 
time - 1 hour). 

Important moment of our method was the pore forming. It 
:-as achieved by hydrogen elimination as a result of the 

:hemical reaction of AI with water [1, 5]. A more detailed 
;:-ocess of obtaining of the samples described in the full 
cersion of article and represented on the Fig. 1. 

In our work we analyzed phase compositions of samples, as 
ell as such parameters as shrinkage, bulk density, porosity, 

-erma! and mechanical properties of ceramics. For these we 
_<ect the XRD analysis, differential thermal analysis, pore size 
:istribution by Hg porosimetry, hydrostatic weighting and 
'-erma! shock by rapidly changes of temperatures (from 
~°C to 20°C). The elastic modulus of the samples after I", 

.: . 3nt, 5'h, 6'h, 8'h and I O'h cycle of thermal shock was 

measured with nondestructive acoustic method called the 
impulse excitation technique, also as destructive method was 
used three point bending strength. 

1. Dry mixing 2. Suspension of 
of raw raw materials . S) A1ix 3-5 min. 

materiHis Mix 15-20 min. 3· SuspensiOn .U. 
ofAipaste ~ 

ET --+ --+ ~---+ -~ 
~ . . . \~.!m -1-

4. Slip casting 

~ 
5. Solidification 

-10-60min 

6. Drying of the samplE'S 7. Sintering 8. Sintered 9. Cutted Bars 

' ~;lil .. ". f' J=J porous sample (,~:;;,;Q ~ - -~-4?' 
~ .. ~ ~ (3V' 

Fig.l . Scheme of technological process of ceramics preparation 

III. RESULTS AND DISCUSSIONS 

The results of analysis and tests showed, that the 
exothermal DTA peak at 995 .56°C corresponded to mullite 
formation . This temperature of mullite formation is lower 
compared to the samples without W03 additive, which were 
investigated in our previous works. The mullite was the 
predominant phase; corundum phase also was in these 
samples. Phase of aluminium tungsten oxide was in different 
quantities in all samples. Bulk density for all samples was 
about from 1.06 to the 1.24 g/cm3 Shrinkage is I% and 1.50% 
for samples fired at the 1200°C and 1300°C, but it increased 
after 1500°C and 1600°C, became 5.23% and 6.61%, 
respectively. Porosity and mechanical properties of samples 
also were determined in our work. 

IV. CONCLUSIONS 

The mullite is the main phase in all materials that were 
sintered at the different temperatures. Usage of W03 additive 
decreased the temperature of mullite's formation, the bulk 
density and shrinkage, but increased porosity of samples. 

VI. REFERENCES 

[I ] T. Juettner, H. Moertel, V. Svinka, R. Svinka. Structure of kaoline-­
alumina based foam ceramics for high temperature applications. J. Eur. 
Ceram. Soc., 2007, 27: 1435-1441. 

[2] L. B. Kong, H. Huang, T. S. Zhang, J. Ma, F. Boey. Growth of mullite 
whiskers in mechanochemically activated oxides doped with wo,_ J. Eur. 
Ceram. Soc. , 2003, 23, pp. 2257-2264. 

[5] L. Mahnicka, R. Svinka, V. Svinka. Influence of kaolin and firing 
temperature on the mullite formation in porous mullite-corundum 
materials. Mater. Sci. Eng. 201 I, 25 (I): 012008. 

Acknowledgment: This work has been supported by the European 
Social Fund within the project "Support for the implementation of 
doctoral studies at Riga Technical University". 

25 


