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.  -

-2 ( , ) . 
 1,25–10 .  5  -

-2  200 .  – 50 : 1. -
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. .  

 Hitachi Table Top ( ). 
 Bruker ( ) (  CuK- ).  

 « » ( ). -
 « -801» ( )  400–4000 -1 -

 KBr (4  540  KBr).  « -
 201 » (  « », ). -

 STA 449C «Jupiter» ( ) ,  10 ,  –
28–900 ° ,  – 100 .  

 

 ,  ,  , ./  
 -195, 25, 98 10, 20, 30 200 

-2 15-20 0,8, 1, 2, 5, 10 630 
-20 25 0,8-1 1000 

 



 … 

 

71

 

 [10]. -
 36,2%.  

, -
.  – 15,7%.  

 
. -

, -
.  

 
. : , , -

. , -
.  

. -
, -

. 
 

 – , -
 

.  
 -196, 25  98 ° .  

 1.  
 98 °  

. , , -
, . , -

.  
, -

, .  
 300 -

 «  201».  ( . 2) ,  
, -

.  
-

, , 
.  

,  -196  25 ° ,  
. . 

, -
, . -

. ,  98 º  ( -
), .  

-
.  335 ° -

 [11].  250–100  335 ° , -
, .  

.  50 , -
 (  100 ° ).  

, , . 
 

.  20,4%,  100–50  
– 15,1%,  200–100  – 13,6%.  



. , .  

 

72

  

  

  

  
. 1. :  – ,  –  98 º ,  –  

25 º ,  –  -196 º  

 

. 2.  ,  
 



 … 

 

73

.  
. -

; ,  200-100 . 
,  

, -
. , -

. 
 

 [12].  
 2 . , 

, .  
, -

.  (  
98 ° ) ,  

, . ,  
,  

 
, -

.  
-

 25 º .  
,  c 0,4 

 2,2 2 . ,  
, . -

-
. 

-
 (2,1 2 ), -

. , 
,  

(0,7 2 ). ,  
.  

-
. , -
, . -

. ,  
, , 

 ( . 3).  

   
   

. 3. : a – ,  –  
,  –  (1)  

(2) . 



. , .  

 

74

-
 ( . 3- ), -

, , . 
 0,4  2,3 2 ,  

, ,  (0,6 2 ).  -
,  

. 

 

-
. -

-
 600–1100 ° . 

,  
-

 700 °  [13]. 
 

 10 : 1. -
 6,8  ( . 4 ). 

,  
.  

 [14]. ,  
, 

.  
, , ,  

.  
.  

,  
.  

 ( . 4- )  
, ,  

. 
 

 
 

  
. 4. :  – ,  –  

: 1 – , 2 –    

 



 … 

 

75

-
.  

 3738 -1. 
 (1053, 1080 -1) ,  

 1036  1102 -1,  Si-O-C , -
.  

 – -
 [14].  

 

1.  
-

 ( ).  0,5  2,2 2 , 
, ,  

 ( -
). 

2. -
, , 

.  
. 

3. -
, . 

-
, . 

  

1. Van Dyck. K., Van Cauwenbergh R., Robberecht H., Deelstra H. Bioavailability of silicon from food and food sup-
plements // Fresenius J Anal Chem. 1999. N363. Pp. 541–544. 

2. ., ., , . . , 1978. 587 c. 
3. Shapolova E.G., Lomovsky O.I. Mechanochemical solubilization of silicon dioxide with polyphenol compounds of 

plant origin // Russian Journal of Bioorganic Chemistry. 2013. Vol. 39. N7. Pp. 765–770. 
4. Shapolova E.G., Lomovsky O.I. Silicon dioxide-flavonoid composites synthesizes by mechanochemical method // 

Journal of International Scientific Publications: Materials, Methods & Technologies. 2013. Vol. 7. N3. Pp. 39–48. 
5. Park B., Wi S.G., Lee K.H., Singhb A.P., Yoon T., Kimb Y.S. Characterization of anatomical features and silica dis-

tribution in rice husk using microscopic and micro-analytical techniques // Biomass and Bioenergy. 2003. Vol. 25. 
Pp. 319–327. 

6. . . ., 1989. 440 c. 
7. ., . -

 // . 2011. . 81. 4. . 602–608.  
8. ., ., .  1H  

 // . 2007. . 77. 6. . 917–922. 
9. Avvakumov E., Senna M., Kosova N., Soft Mechanochemical Synthesis: a Basis for New Chemical Technologies. 

Boston, 2001. 200 p. 
10. . . ., 1987. 430 . 
11. . . . , 1981. . 111–125. 
12. Segal L., Creely J.J., Martin A.E., Conrad C.M. An empirical method for estimating the degree of crystallinity of na-

tive cellulose using the X-Ray difractometer // Text. Res. J. 1959. Vol. 29. N10. Pp. 786–794. 
13. ., ., ., . ,  

 // -
. 2005. . 78. 2. . 324–328. 

14. ., ., . -
 // -

. 2010. . 18. 5. . 663–668. 

 23  2014 . 

 16  2015 . 



. , .  

 

76

Shapolova E.G.*, Lomovskij O.I. SPECIFICS OF MECHANICAL TREATMENT OF RICE HUSK FOR CARRYING 
OUT SOLID-PHASE INTERACTION OF SILICA WITH POLYPHENOLS 

Institute of Solid State Chemistry and Mechanochemistry SB RAS, ul. Kutateladze, 18, Novosibirsk 630128 (Russia), 
e-mail: shapolova@solid.nsc.ru 
Rice husk is characterized by high-strength characteristics and chemical stability, has a low-nutritional value, a low 

bulk density, and a high ash content.The goal of the present work is the development of a treatment method method for obtain-
ing compositions based on polyphenols from the plant raw material and biogenic silicon dioxide from rice husk. Efficiencies of 
mills with different types of grinding were compared. The most effective grinders for the high-quality treatment of rice husk are 
roller and attrition mills. The mechanical treatment causes an increase in the specific surface, a decrease in particle size, struc-
tural disordering with the amorphization, separation into different kinds of tissues and formation of active sites on silica. In the 
case when rice husk is used as the source of silicon dioxide for interaction with polyphenols, it is preferred to use the initial 
plant raw material, silanol group-containing. The interaction of silanol group of rice husk silica with polyphenols result in the 
formation of surface complexes. 

Keywords: rice husk, silicon dioxide, mechanical treatment, roller mill, processing conditions, surface interaction, sili-
con complexes with polyphenols. 
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