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ABSTRACT 

 
Rice husks constitute the milling byproduct of rice and is a major waste product of the 

agricultural industry. They have now become a source of a number of silicon compounds, including 
silicon carbide, silica, silicon nitride, silicon tetrachloride, zeolite, fillers of rubbers and plastics and 
pure silicon. The applications of such materials derived from rice husks are very comprehensive. The 
methods of synthesizing these silicon-based materials from rice husks and their applications are 
reviewed in this paper. 
 
Keywords: rice husks, thermal decomposition and pyrolysis, white and black ash  
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 	 � 	 
 � �  � 
 � �  � � � � , 
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 � 	 � 
 � 	  � � � � 	 . � � � 	  � 	 
 
 � � �  � � � � � � � � � � � �  
� � � 	 
 � � �  � � � � 
 � 
 � 	 � � �  	  � � 
 � 
 � 	 � � �  
 � � � � � � , 
� � �  � � � 
  � 
 � � � 	  � 	 � 
 � 
 � 
  � 	  � � � � � � 
  � � � � � -
� � � 	 � , � 	 � � �  � � � 
 � 	 � � 
 � � , � � � � 	 � � � � �  � � 
 � -
� 
 � �  	  � 	 � � 
 � 
 � � 
 � �  � �  
 
 � �  � �  � �  	 � � 
 � � � �  
� � � 
  � 
 � 	 � 
 , � � � � �  � �  � 	 � 
 � � 	 � �  	 � 	  � 
 � 
 � -
� 	 � � �  � �  � 
 � � � � .  
 � � � 	  � 
 � � , � � � �  � 
 � � � � -
� 	 � �  � � � � � � � �  � 
 � 	 � 	  � �  � � � � � � 
 � � � �  � � � � 	 � -
� 	  
 � � 
 � 	  	  � � � � 
 � 
 � 	 	  � �  
 � 
 � � 
 � � 
 � � � � � �  
� �  
 � 	 � 
 � 	 � �  � � � � 	  [1–130]. � � 	 � � 	  � �  � �  � � -
� 	 � � �  � �  � 	 � 
 � 
 � � 
 � � � � � ! � � 
 � 
  	 
  � � � � 	 � � � �  
�  
 � 	 � � 	 � � � � � , � � � ! � " 	 
 � � �  	 � 	  	 � � � � � �  � � � -
� � , �  
 � � � �  
 � 
 � � 
 � � 
 � � � � � �  � �  � � � � � � � # 	 � �  
� �  �  � � �   SiO2.  � 	  � 	 � � � � � 
 � 
  	 � � � � � � �  � �  

 � 	 � 
 � 	 � �  � � � � 	  � � �  � � � � ! $ � �  � � � � �  � �  
� 
 � ! � � � �  
 � 
 � 
  18-21 
 � � .% “ � � � � ”  � � � � � , 94-
96% 
 �  � 
 � � 
  � � � � � � � � � � � �  � 
 
 � � � �    SiO2 � � �  
� 	 � � 
  � � � � 	 � �  � � � � � $ � �  � 
 � � � � � 
 � � .  � 	  
� � 
 � � � � � � � � 
  � �  � 	 � 
 � 	 �  �  	 � � � � � �  � � � � �  � �  
� 
 � ! � � � �  24-28 
 � � .% “ � � � � � ”  � � � � � , � 
 � � 
  
� � � � � � �  
 � � 
 � � 
  � 
 
 � � � �    SiO2 	  � 
 � � � �  � � � -
� � � 
 � , 
 � 
 � � � � � � � � �  � � � 
  SiO2/%. � � � 	  � � �  
 � -
� � � 	 � � �  ! � � � $ � 
  � �  	 � � 
 � � � � �  � � � 
  � � � 
 � � � � -
� 	  � �  � 
 � 	  � �  � � � � 	  
 � � � � 	 , � � � � 	 � �  	  � 	 � -

 � � � 	  
 �  
 � � � � � 	  � � 
 
 	 $ � � � 	  � 
 � 	 , � � � � 
  	  
� � � 
  � 
 � 	 � � � 	  � �  � � � � 	 � � 	  � � � � � 	 � � � 
 � 	 , � � � 
  
� � � � 	 
 � �  � �  � � � 	 � � � � � " 	 �  � �  � � � 
 � 
 � 	 , � � -

� � � � 	 � � 
  � 	 � � 
 � � � 	 � � � �  � �  � � � � � � 
 � 
 � 
 � 	  
	 � 	  
 � � � � 	 � � � �  � �  %&2. 
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  � �  � � � 
 	 � � �  
 � � � � 
 � � �  
� �  
 � 	 � 
 � 	 � �  � � � � 	  �  � � �  � � � � 	 �  � �  � 
 � ! � � � �  
� 	 � 	 " 	 � �  � � � � 	 �  SiC, � 
 � � 
  � � 	 � � � � � �  � 	 � 
 � �  
� � � � � 
 � � , � � � 
 	 � � �  	  � 	 
 	 � � �  � � � � 	 � � 
 � � , 
� 
 � 
 � 	 
 � � �  ! � � 
 � � 	 � 
 � �  � � � � 
 
  � 	 � � � 	 � 	  	  

 � � 
 � 	 , � � � � 
  	  � 	 � � �  � 
 � � 	 " 	 � � �  � �  � � � 
 	 � -
� 
  � � � $ 	 � � � 	 � . �  � � � � 	 �  � � � � 	 �  � � � � � � � � � � 
  
� �  � � 
 � � � � �  � � �  � � � � ! $ � �  � � � � 	 � � �  � � � � �  � � 	  
� � 
 � � � � � ! � 	  500–900
 %, � � 	  � 
 � � 
  � �  � 
 � ! � � -
� �  � 
 � � ! � � � �  � �  
 � 	 � 
 � 	 � �  � � � � 	 , � � � �  � 
 � � 
  
� � �  � � 
 � 	 �  � � � � 	 �  � � 	  � � 
 � � � � � ! � �  1260– 
1650
 % �  	 � � � � � �  	 � 	  � � � ! � " 	 
 � � �  � � � � �  � �  
� 
 � ! � � � �  � � � � 
 
 � � � � � �  � 	 � 	 " 	 � �  � � � � 	 � . 

 � 	  � � � � � � � � � � 
  � �  
 � 	 � 
 � 	  � � � � 	  �  � 
 -
� 
 �  
 �  � � 
 �  � � 	  � � 
 � � � � � ! � �  1260–1500
 % � �  
� 
 � ! � � � �  � 	 �  � � � �  
 �  � 	 � 	 " 	 � �  � 	 � � 	 �  Si3N4, 
� 
 � � 
  � � 	 � � � � � �  � 	 � 
 � �  � 
 � � 
 � � 
 � 
 � � 
 � � , 

 � � � � 	 � � �  	  � � � 
 	 � � �  ! � � 
 � � 	 � 
 � � , � 	 � � �  
� � � � � 
 � �  	  � 
 � � 	 " 	 � � �  � �  � 	 � � � � 
  � � � $ 	 -
� � � 	 � .  
 � ! � � � � � � � 
  � �  Si3N4 � � 
 � 	 � �  � �  
� 
 � � � �  � �  � � � � 
 � � � 
 	 � � �  � � � ! � " 	 �  	  � 	 � � 	 -
� � " 	 �  � �  � 	 � 	 " 	 �  � 
  � � � � � � � �  � � � � " 	 � : 

 
3SiO2 + 6C + 2N2 ®  Si3N4 + 6CO   
 
' �  � � � � � �  � �  SiO2/% 	  SiC � �  � 
 � ! � � � �  	  

� 	 � 	 " 	 � �  � � � � � � � 
 � 	 �  SiCl4, � 
 � � 
  � �  	 � � 
 � � -
� �  � � � 
  � � � � ! � � 
 �  � � 	  � 
 � ! � � � � � � � 
  � �  � 
 � ! -
� � 
 � 
 � � 	 " 	  � �  � � � � � � � 	  � 
 � � � � 
 � 	 , 
 � � � � 
 � 	 -
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� 	 � � � 	 , � 	 � 	 " 	 � � 	  � � � � � 	 , � 	 � 	 � 
 � 
 � 	  � 
 � 	 -

 � � 	  	  � 	 � �  � 	 � 	 " 	 �  � �  � ! � � 	 � �  � �  � � � � � � 
 -
� 	 � � � � .  ( �  " � � � �  � � 
 � 	 � � � � � 
  � �  � � 
 � � � � �  �  
� � � 
 
 � � � � � �  � � 
 �  � � 	  � 
 � � 
 � � # �  � � 
 � � � � � ! � �  
	  � � � � � � � � . 

' �  � � � � � �  � �  � 
 � ! � � � 	 � �  � � 	  
 � 	 � � 	 � � � -
� � � �  � � � � � ! � " 	 �  � �  
 � 	 � 
 � 	 � �  � � � � 	  SiO2 � �  
� 
 � ! � � � � �  	  � � � � 	 � � 	  � 
 
 � � � 	  	 � 	  � � 	 � � � � -
� 	  � � ! 
 
 � 	 � 	 � � � 	  	  � � 
 � 	 � 	 . ( �  " � � � �  SiO2 � �  
� � � � � � � �  � � �  � 
 � � �  � � � � � 
 �  � �  NaOH, � � � 
  
� 
 � ! � � � 	 � �  � � � � � 
 �  � �  � 
 � � � �  �  � 
 � � 
 � � # 
  
� 
 � 	 � � � � � 
  � � ! 
 	 � 	 � �  � 	 � � 
 � � 	 �  �  � � � 
 � � � �  
� �  � � 
 � 	 � � � �  � �  � 	 � � 
 � � � 
 � � � �  � 	 � � � � . 

&� � � �  � � � � � 
 � 
  “ � � � � � � ”  	  “ � � � � � � � ”  � � -
� � �  � �  	 � � 
 � � � � �  	  � � � 
  � � � � 	 � � � 	  � �  � � � � 	 � -
� 	  � � ! � ! " 	 , � � � � � 
 � � 	  	  " 	 
 � � � 	  �  " � �  � 
 -
� 
 � � � � � � �  � �  � 	 � 	 � 
 � 	 
 	 � � 	 � �  	 
  � � � � � � � -
� 	 � � 	 � 	 , � �  � 
 � ! � � � � � �  � �  � 
 � � 	 � � 	 � , 
 � � � � -
� 	 � �  � 	 � 	 " 	 � , � � � 	 � �  	  � � � � 	 � �  � 	 � 	 � � � 	 , 
� � � � 	 � �  � 	 � 	 � 
 � � ! 
 � 	 �  	  Si–O–C � � � � � � , 
� 
 	 � 
  � �  	 � � 
 � � 	  � ! � 
 � 	 � 	  � �  � � � 	 " �  � � � � � -

 � � � 	  � 	 � 
 � 	  � � � � 
 � 
 � 	 	 . 
  

� � 
 � � � � � � � � � � � �  � � 
 �  
 

 %! � 
 � 	 � �  
 � 	 � 
 � 	  � � � � 	  � � � � � � � � : 
32.6% " � � ! � 
 � � , 20.5% � � 
 	 " � � ! � 
 � � , 21.7% 
� 	 � � 	 � , 15.2% SiO2, 2.6% � � � � � 
 � 	 
 	  � � # � � � -
� �  	  7.4% � � � � � .  
 �  � 
 � 
 � � �  � �  
 � � 	 � 	  � �  
� � � � � � � �  	  � � � � � 	 � �  � 
 � 	  (�  ppm) Ca2+- 
15460, K+ - 8970, P5+ - 6540, ) g2+ - 4680, Na+- 
3550, Mn2+ - 1800, Fe3+ - 750 	   Zn2+ - 200. 
&� 	 � 
 � 	 � �  � � � � 	  � �  	 � � 
 � � � � � 	  � � � �  # � � � � � 
  
� � 
 
 	 � � � �  �  � � � � 	 � 	 � � � �  � 
 � �  �  " � �  
 � � � � � � � -
� � � �  � �  � � � �  	  � � � � � , 	 � � ! $ � � � � �  �  � ! $ 	 � � �  
� �  � � � � ! �  � � 	  120
 % �  � � 
 � � � � � � 	 �  � �  24 
� � � �  	  � 
 	 � � � �  �  � � � � 
 � �  � 	 � � � " 	 
 � � �  
 � � � 	 -
" � . * � � 
 � � � � � �  �  � � � � " 	 �  �  � � � 
 � � 	  0.63 – 
0.125 mm. � � � 
 	 � � � � �  
 � � � � 
 � � �  � �  � � 
 � � � � �  
�  � � � � " 
 � �  � � � � � , � � � � � � � � �  �  � 	 � � 
 � �  � � #  � 
  
700
 % �  � � 
 � � � 
 	 � � � 
  � 
 � 	 $ � � � � �  � �  � � 
 � � -
� � � ! � � � �  � � �  � � 
 � 
 � �  5
 % min–1 	  � � � � � � � � �  
� � 	  � � � � � � � �  � � 
 � � � � � ! � �  �  � � � � � 	 �  � �  1 � � � . 
 
  � � � 
 �  � �  � � � 
 	 � � � � �  
 � � � � 
 � � �  � � � �  
 � � � -
� 	 � � �  � �  � � 
 � ! � � �  � � � � ! �  	 � 	  � � 
 �  � � �  � � 
 -
� 
 � �  15 ml min–1. 

%� � " 	 � 	 � � � � �  � 
 � � � � � 
 � �  � �  
 � � � � " 	 � �  �  
� � � � 
 � � � � � �  � � �  
 � � 
 � �  � �  � � � 
 � � " 	 
 � � 	  	 � 
 -
� � � 
 	  � 
  � � 
 � , � � � � 	  � �  � 	 � 
 � 
 � � � ! ! 
 � �  +� � -
� � � � � � ! � �  � � 	  –196
 %. , 	 � � � 	 � � � �  � �  � � � 
 � � -

" 	 � � �  � �  –2
3SeO  � 
 � 	  	 �  � 
 � � 	  � � � � � 
 � 	  �  	 � -

� � � � � � � �  � 
 � � ! � � 
 
 � � � 	 � � 
  � � 	  25
 %, 	 � � 
 � � -
� � � � 	  � 
 � � �  � � � � � 
 �  � �  H2SeO3 �  	 � � 
 � � �   
� 
 � " � � � � � " 	 �  0.0252 mol dm–3, 
 � � � � � � � � �  
� � � �  � 
 � 
 
 � � � 	 � � 
  � 	 � � ! � � � � .  

� � � 	 � � � � �  �  � � 
 � � � � � �  
 

' �  � 	 � .1 �  � � � � � � � � � � �  � 
 � 
 � � � � 	 �  � �  
� ! � 
 � 	  
 � 	 � 
 � 	  � � � � 	  	  � � � �  � � � 
 	 � � � � �  	 
  

 � � � � 
 � � �  �  � � 
 � � �  	 � 	  � � � � ! $ � �  � � � � �  � � 	  
700
 %. 

 

 
 
� � � . 1. - 
 � 
 � � � � 	 �  � � : 	 � � 
 � � 	  
 � 	 � 
 � 	  
� � � � 	  – a, � � � �  � � � � 
 � 	 � � " 	 �  �  � � 
 � � �  � � � � �  – 
b 	  c – � 	 � 
 � 	 �  � � �  � � � � ! $ � �  � � � � �  � � 	  
700
 %.  
  

� � � � 	 � �  
 �  � � � 
 
 � � � � 	 
 � � � 	 � � 	 �  � � � � 	 �  
� �  � � � � " 	 �  0.63 – 0.125 
 
  � 
 � � � � � � , � �  � � � � -
� 	 � �  
 � � � � � �  � � � �  
 � � � � 
 � � � � �  �  � � 
 � � �  � � � � �  
�  28.6%, �  � � �  � � � � ! $ � �  � � � � �  � � 
 � � � � � 
  
21.2%. ( �  � �  � �  
 � � � � � � � � 	 � 	 � �  � 
 � . 
 � � � � �  
� � � ! � � ! � �  � �  
 � � � � " 	 � �  � �  � � � � 	  � � � 
 � � " 	 
 � -
� 	  	 � 
 � � � 
 	  � 
  � � 
 � , � � �  
 � � 
 � �  � �  � 
 	 � 
  �  
� � � � 
 � � � � � �  � � � " 	 � 	 � � � � �  � 
 � � � � � 
 � �  � +� � , 
� ! 
 � � � 	 �  
 � � 
  � �  � 
 � 	 � �  V0.95, � � � � 
  	  
� � � � � 	 �  � � � 	 ! �  � �  � 
 � 	 � �  rp. ' �  � 	 � . 2 � �  
� � � � � � � � � � 	  	 � 
 � � � 
 	 � �  � �  	 � � 
 � � 	 � �  
 � 	 � 
 -
� 	  � � � � 	  	  � � � �  � � � 
 	 � � � � �  	 
  
 � � � � 
 � � �  � � �  
� � � � ! $ � �  	 � 	  � � 
 � � �  � � � � � , � � � 
  � �  � � � 
 � -
� � � � �  �  � � � � � � � � � � �  	  � � � 
 � � " 	 
 � � � � �  	 � 
 -
� � � 
 �  � �  g-Al2O3 � �  � 	 � 
 � � �  Leuna, / � � 
 � -
� 	 � , � � � � � � � � � � � �  � �  	 � � ! $ � � � � �  � �  � � � � -
� � 
 � � � 
 � �  � � � � " 	 � . 

&�  � 	 � . 2 � �  � 	 � � � , � �  � � � 
 � � " 	 
 � � 	 � �  
	 � 
 � � � 
 	  � �  
 �  0V � 	 �  � 
  � � � � 	 � 	 � � " 	 � � �  � �  
+� ! � � ! � � –� � 
 	 � � –� � 
 	 � � –� � � � �  	  	 
 � �  � 	 � -
� � � � � 	 � � 	  ! � � � � � " 	  � 	 �  ' -1 � 
  � � � � 	 � 	 � � -
" 	 � � �  � �  IUPAC, � � � 
  
 � � � 	 
 � � � 	 � �  	 
  � � -
� 
 � � " 	 
 � � �  � � � � " 	 � � �  �  � � � � � �  � � � � 	 � � � .  
  
� � � � � � � 
  � �  � 
 � . 
 � � 	 � �  � � � � � � � � 	 � � 	 � 	  � �  

 � � � � " 	 � �  
 
 � �  � �  � �  � � � 	  
 �  � � � � � � � � � � 	 � �  �  
� � � � 	 " �  1 � � � � 	 , � 
 � ! � � � 	  � � �  
 � � 
 � �  � �  
� � 
 � � � � � 	 � �  � � � 
 � � " 	 
 � � 	  	 � 
 � � � 
 	  � 
  � � 
 � . 
� 	 � � �   � � , � �   � 	 � 
 � 	 � 	 � � � 	 � �   �  � � 
 � � �  � � � � �  

 � 	 � 
 � 	  � � � � 	  	 
 � �  � 
 -� 	 � � �  � � � " 	 � 	 � � �  � 
 - 
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� � � . 2. � � � 
 � � " 	 
 � � 	  	 � 
 � � � 
 	  � 
  � � 
 �  � � : 
	 � � 
 � � 	  
 � 	 � 
 � 	  � � � � 	  – a, � � � �  � � � 
 	 � � �  

 � � � � 
 � � �  �  � � 
 � � �  � � � � �  – b, � � �  � � � � ! $ � �  
� � � � �  – c 	   g-Al2O3 – d 
 
� � � � � 
 � �   	   
 � � 
   � �   � 
 � 	 � �  �   � � � � � � � 	 �  �  
� � � � 	 � � � 	 � �  � � �  � � � � ! $ � �  � � � � � . � 
 � �  � �  � � � -
� 	  � �  � � � � 	 � � �  � � 
 � 	 � 
 � � �  � �  � 
 � 	 � �  
 �  � � � -
� 
 � 	 � 	 � � � 	 � �  
 � � � � 	 � � 	  � 
 
 � 
 � � � � 	  � �  
 � 	 -
� 
 � 	 � �  � � � � 	 . 1� � � 	 � 	 � � �  �  � 
 � . 
 � � 	 � �  � � -
� � � � � � 	 � � 	 � 	  � �  
 � � � � " 	 � �  � � � � �  
 � � 
 � � � 	 �  
� �  � �  
 � � � � � , � �  	  � � � 
 � � " 	 
 � � 	 � �  	 
  � � � � " 	 -
� � �  	  � 	 � � � 	 � � � �  � �  � � � 
 � � " 	 � � �  	 �  � 
 � � 	  � � � -
� � 
 � 	  # �  � � � � �  � � � � 	 � � 	 . 
 
� � � � �  �  1.  
 � . 
 � � 	  � � � � � � � � 	 � � 	 � 	  � �  
	 � � � � � � � � 	 � �  
 � � � � " 	 . 
 

&� � � � � "  � +� � , 
m2 g–1 

V0.95, 
cm3 g–1 

rp, 
nm 

&� 	 � . � � � � 	  < 1 < 0.01 – 
SiO2/C 47 0.085 3.6 
SiO2 96 0.208 4.3 

g-Al2O3 162 0.534 6.5 
 
' �  � 	 � . 3 � �  � � � � � � � � � � 	  � 	 � � � 	 � � 	 � �  

� � 	 � 	  � �  � � � 
 � � " 	 �  � �  –2
3SeO  � 
 � 	  	 �  � 
 � � 	  

� � � � � 
 � 	  � �  H2SeO3  � � 	  25
 %. 
&�  � 	 � . 3 � �  � 	 � � � , � �  � � 
 � 
 � � � �  � �  

� � � 
 � � " 	 � � �  � � � � !  � � � � 
 � 	 � 	 � � � 	 � �  	  � 	 � 
 -
� 	 � 	 � � � 	 � �  
 � 	 � 
 � 	  � � � � 	  �  
 � 
 � 
  � 
 -� 
 � � 
 �  
�  � � � � � � � 	 �  �  � � � 	  � � � � !  g-Al2O3 	  � � � � 
 � � -
� 	 � � 
  � �  � 
 � � 	 � �  
 � 
 � 
  � 
 -� � � � 
 , � � � � � 	 � 	 
 
  

 �  � 
 -
 � � � 	 �  � � � 
 � �  � �   � 
 � 	 � �  	 
 .  �  � � # 
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� � � . 3. , 	 � � � 	 � � 	  � � 	 � 	  � �  � � � 
 � � " 	 �  � �  

–2
3SeO  � 
 � 	  	 �  � 
 � � 	  � � � � � 
 � 	  � �  H2SeO3 � � 	  

25
 %: g-Al2O3 – a, � � � � 
 � 	 � 	 � � � 	  � � � � 	  �  
� � 
 � � �  � � � � �  – b, 
 � 	 � � � � 	  � � � � 	  � � �  � � � -
� ! $ � �  � � � � �  – c. 
 
� � � 
 �   
 � � � �  
 � � � 	 
 � � � 	 � �   	 
  � � � 
 � � " 	 
 � � �  
� � � � " 	 � � �  �  � � � � 	 � � � � 
  � 
 -� 	 � � �  
 �  � 
 � 	  � �  g-
Al2O3, � � �  � � � 
  � � � " 	 � 	 � � �  	 
  � 
 � � � � � 
 � �  �  

 � 
 � 
  � 
 -
 � � � � .  
 -� 	 � � 	 � �  � � � 
 � � " 	 
 � � �  
� � � � " 	 � � �  � �  SiO2/C � � � � 
 
  � 
 � 	  � �  SiO2 � �  
� � � � 	  � �  � � 
 � 	 � � � � � 
  � �  � 
 � � � � � 
 � � � �  � �  
SiO2 
 �  
 � � � � ! � � # 	 � �  � �  �  � � � ! � � � �  � �  � � � � 
 -
� 	 � � " 	 � � �  � � � � � � 
 � , �  � � � ! � � � �  � �  � 
 � � 
  	  
� 
 � � � � � 
 � � � �  
 !  � � 
 � � � � � . &� � � �  � 
 � �  � �  
� � � 
 	 � � � �  
 �  � 
 � � � � �  �  � � � 
 � � � � � . �  � � � ! � -

� � �  � �  � 
 � �  � � � 
 � � " 	 � � �  � �  � 
 � � � � 	 � �  –2
3SeO  

� 
 � 	  � �  � � � � ! � � � � �  	  � � 
 � � � � � .. ( �  � 
 � �  
 
 � �  
� �  � �  � � � 	  	  
 �  � � � � � � � � � � 	 � �  �  � � � � 	 " �  2 
� � 
 � � 
 � � 	  � �  � 
 � � 	 " 	 � � � �  � �  � 	 � ! � 	 �   �  � 
 -
� 	 � �  Do 	  
 � � � 	 
 � � � 	 �  � � � 
 � � " 	 
 � � �  � � � � " 	 -

� � �  � �  
 � � � � " 	 � �  � 
  
 � � 
 $ � � 	 �  � �  –2
3SeO  

� 
 � 	 . 
 
 � � � � �  �  2. � � � 
 � � " 	 �  � �  –2

3SeO  � 
 � 	  	 �  
� 
 � � 	  � � � � � 
 � 	  � �  H2SeO3  � � 	  25
 %. 
 
 � � � 
 � � � �  SiO2/C SiO2 g-Al2O3 
Do, cm2 s–1 9.8´ 10–3 8.6´ 10–3 7.8´ 10–3 
a, mmol g–1 0.1080 0.2081 0.6968 

� , % 1.39 2.68 8.98 
 
, � � � 
  � �  � 	 � � �  
 �  � � � � 	 " �  2 � � � � 
 � 	 � 	 � � � 	 � �  
�  � � 
 � � �  � � � � �  
 � 	 � 
 � 	  � � � � 	  � �  � � � � � � � � 	 � 	 -
� � �  �  � 
 � � 	  � � �  � � � 	  � 
 -� 	 � � �  � � � 
 � � " 	 
 � � �  
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� � 
 � 
 � � 
 � �  � � � � 
 
  � � � � 	 � � � 	 � �  � � �  � � � � ! $ � �  
� � � � � .  � 	 � 	 � � � � , � � � � 
  � � � �  � �  
 � � � � � � � � 
 , 
� �  � � � � 	  � �  � � � 
 � � � � 	 �  � � � � � � � �  � �  � 
 � � � � -
� 
 � � � �  � �  SiO2/C 
 � � � � � " .  	 � 
 � 	 � 	 � � � 	 � �  
� � �  � � � � ! $ � �  � � � � �  
 � 	 � 
 � 	  � � � � 	  � 
 � � � � � �  
� � 	  � � � 	  � 
 -� 	 � � �  � � � 
 � � " 	 
 � � �  � � � � " 	 � 	 �  

� 
  
 � � 
 $ � � 	 �  � �  –2
3SeO  � 
 � 	  �  � � � � � � � 	 �  �  

	 � � 
 � � � � � 	 � �  � �  � � � 
 � � � � � �  � � 
 
 	 $ � � �  
 � � � -
� � "  
 �  g-Al2O3. � 
 � �  � 
 � � � � � , � �  � � � � � �  � �  � �  
� � � � � �  � � � 	 � 	  � �  � � � � 	 � � � �  � �  � ! � 
 � 	 � �  

 � 	 � 
 � 	  � � � � 	 , � 
 	 � 
  � �  � � � � �  � � � 
 
 � � 
 � �  
� 
 � � � � 	 � � � � 
  � �  � �  � � � � � 	 �  � � � 	 � � �  � 
 � � � � -
� 
 � �  	  ! � � � 	 � 	  
 � � 
 �  � �  � 
 � 	 � � . ' � � � � 	 � 	 
 
  

 �  � 
 � �  
 � � � � , � 
 � ! � � � 	 � �  � � � ! � � � � 	  � � � � ! -
� 
 	 � � � � 
  � 
 � � � , � �  
 � 	 � 
 � 	 � �  � � � � 	  � �   � � � � -
� � � � 	 � � �  	 � � 
 � � 	 �  � �  � 
 � ! � � � � � �  � �  � � � � 	 � � 	  
� � � 	 � 	  � � � 
 � � � � � 	 , � 
 	 � 
  ! � � � $ � 
  
 
 � � �  � �  
� �  	 � � 
 � � � � �  � �  
 � 	 � � � � � �  � �  
 � � � � � 	  � � 
 -

 	 $ � � � 	  � 
 � 	 .  
 

� � � � � � � � � �  
 

        �  � � � � � � � � 	 �  
 
 � �  � �  � �  � � � � , � �  � � � �  
� � � � � � � 	 � � � � �  � 	 
 	 � � �  
 � � � � 
 � � �  	  � 
 � � 
 � � -
# �  � � � 
 	 � � �  
 � � � � 
 � � �  � �  
 � 	 � 
 � 	 � �  � � � � 	  
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 � ! � 	  
 � 
 � 
  � � � 	 �  � � � 
 � � � � �  � �  
� � � 
 � � " 	 �  � �  � � � � 	 � � 	  � 
 � � � � 	  	 � 	  � � � 
 � � � -
� 	  
 
 � � � ! � 	  	 �  � 
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