


 






        
      

 



     



       
      



      










































   








































 



































    





































    






    










          

TABLE 1.  Chemical composition of the prepared samples, S0–S3, as obtained using PIXE analysis and quantitive phase analysis by the Rietveld 
method

Sample PIXE analysis Quantative phase analysis
  by the Rietveld method
 Co content  Al content  Si content  Mullite  -Al2O3  CoAl2O4  Glassy 
 (wt%) (wt%) (wt%) (wt%) (wt%) (wt%) phase (wt%)
S0 0 38.5 (19) 11.7(6) 89.1(1) 4.2(1) 0 6.7(1)
S1 0.82(4)  38.8(19) 10.5(6) 82.5(1) 8.7(1) 0.5(1) 8.3(1)
S2 1.46(7) 37.6(19) 11.5(6) 88.0(1) 1.5(1) 3.0(1) 7.5(1)
S3 2.40(10) 37.0(19) 11.5(6) 80.9(1) 3.6(1) 5.8(1) 9.7(1)

TABLE 2.  Results of unit-cell re! nement with Si standard for mullites 
MU0–MU3 in the prepared samples S0–S3

Sample Mullite phase
 Notation Rp Rwp a (Å) b (Å) c (Å) V (Å3)
S0 MU0 0.073 0.109 7.5520(2) 7.6872(2) 2.8843(1) 167.44(1)
S1 MU1 0.086 0.126 7.5618(2) 7.6882(1) 2.8860(1) 167.78(1)
S2 MU2 0.087 0.124 7.5619(2) 7.6882(2) 2.8859(1) 167.78(1)
S3 MU3 0.084 0.119 7.5618(2) 7.6883(2) 2.8860(1) 167.78(1)
Notes: Rp and Rwp are the discrepancy factors that characterize a quality of the 
! t (Young et al. 1982):
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where y(2i)obs denotes observed intensity at the ith step of recorded powder 
pattern, y(2)calc is the corresponding theoretical intensity; N is the number of 
observations and wi is the weight assigned to the ith observation, which is given 
in the form 1/y(2i)obs.
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TABLE 4.  Composition of the mullite phases MU0 and MU3 as deter-
mined by EDX and the Rietveld re! nement

Mullite  Formula Co CoO Al2O3 SiO2

phase  content content content content
  (wt%) (wt%)  (wt%) (wt%)
MU0 Al4.56Si1.44O9.72 0 0 72.88 27.12
MU3 Co0.02Al4.64Si1.34O9.66 0.36 0.47 74.26 25.27

TABLE 3.  Chemical composition of selected mullite grains and the 
glassy phase in the sample S3 as obtained by EDX analysis

Grain no. EDX analysis 
 Al Si Co
 (at%) (wt%) (at%) (wt%) (at%) (wt%)
1 30.00 39.82 8.32 11.34 0.14 0.41
2 29.45 39.08 8.72 12.04 0.11 0.33
3 29.02 38.48 9.08 12.53 0.13 0.39
4 29.90 39.67 8.35 11.53 0.11 0.31
Glassy phase 6.94 9.16 23.69 32.54 2.66 7.67
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TABLE 5. Results of the Rietveld re! nement for the mullite phases MU0 and MU3
Mullite phase x† Rp Rwp Atom site Occupancy x y z Biso (Å2)
MU0 0.28 0.079 0.104 M1 1 Al 0 0 0 0.19(4)
    T 0.50 Al + 0.36 Si 0.1493(2) 0.3406(2) 0.5 0.36(3)
    T* 0.14 Al 0.264(1) 0.204(1) 0.5 0.43(9)
    Oab 1 O 0.3587(3) 0.4219(3) 0.5 0.24(6)
    Od 1 O 0.1273(3) 0.2201(3) 0 0.45(6)
    Oc 0.58 O 0.5 0 0.5 1.12(9)
    Oc* 0.14 O 0.452(3) 0.044(3) 0.5 1.28(20)
MU3 0.34 0.075 0.099 M1 0.99 Al + 0.01 Co 0 0 0 0.31(4)
    T 0.495 Al + 0.335 Si 0.1490(2) 0.3404(2) 0.5 0.40(4)
    T* 0.17 Al 0.266(1) 0.2055(9) 0.5 0.49(7)
    Oab 1 O 0.3588(3) 0.4219(3) 0.5 0.22(6)
    Od 1 O 0.1277(3) 0.2198(3) 0 0.41(6)
    Oc 0.49 O 0.5 0 0.5 0.93(9)
    Oc* 0.17 O 0.458(2) 0.046(2) 0.5 1.21(8)
Notes: Rp and Rwp are the discrepancy factors that characterize a quality of ! tting result (Young et al. 1982).
† x denotes the number of oxygen vacancies per average mullite unit cell, used in chemical formula of mullite.

TABLE 6. Interatomic distances (Å) and their standard deviations for 
the mullite phases MU0 and MU3 

Distances  Mullite phase
 MU0 MU3
Octahedron (M1)O6

M1-Oab (4) 1.893(1) 1.894(2)
M1-Od  (2) 1.948(2) 1.948(2)
Average: 1.911(2) 1.912(2)
Tetrahedron TO4

T-Oab (1) 1.702(3) 1.707(3)
T-Od  (2) 1.724(1) 1.724(1)
T-Oc  (1) 1.667(1) 1.667(1)
Average: 1.704(2) 1.705(2)
Tetrahedron T*O4

T*-Oab (1) 1.822(8) 1.808(8)
T*-Od  (2) 1.781(5) 1.785(5)
T*-Oc* (1) 1.882(23) 1.901(15)
Average:  1.817(10) 1.820(8)




