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,  ( -
 ( )  ( )),  –  «Sigma» ( -

,  6H18O24P6·xNa·yH2O),  ( ,  
). 

-
,  [5],  (20–100 ) 1%  

,  1:5,  20  3 
 20–80 ° . , ,  

 1% , , -
-500.  

 10%  7,0–8,0, -
, ,  

.  
 

 TXRF 8030  ( ).  CHNS-O -
 EuroVector EA3000 ( ).  

 Bruker D8 ADVANCE ( ). 
 400–4000 1  

 Shimadzu FTIR Prestige-21 ( ) -
. 

 NETZSCH STA 449C Jupiter ( ), 
 DERIVATOGRAPH Q-1500 ( )  5 . 

 (13C, 31 ) -
 Bruker AV-300 ( ).  ( )  

13C  Si(CH3)4,   
 H3PO4. 

-
.  1,2,4-  3- -1,2,4-

 [7].  0,7 ,  3% NaCl  
 0,1 . l. 3  20×20×0,3 , -

.  ( , 2 )  
 (Z, %) :  

St
mmK 21 ,

 
(1) 

 m1 – , ; m2 – , ; S – , 2;  
t – , ; 

%100Z ,
 

(2) 

   – 3, , , 2 . 
-

.   
-

 IPC-PRO ( ).  
-

 EVO-50 XPV (LEO, ). 
 JXA-8100 (JEOL, )  

,  INCA-
250 (Oxford, ). 
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, , , ,  
, ,  

.  10% NH4OH (  I)  
10% NaOH (  II). 

 1.  
:  :  = 5,6 : 6, -

6P6 ,  
:   :   =  5,3–5,1  :  6,  -

6P5, . 
,  

 ( ) .  
 ( . 1 )  933–1203 

 515 –1, ,  [8], . -
4

3- ,  -
: 3 ~ 1017 –1 )  4 ~ 567 –1.  -

 «Sigma» ( .  1 ) 4
3–.  

- -
 (3375 –1)  (1659 –1) .  

 ( . 1 , ) , , -
4 (993–996 –1  

 1121–1128 –1), ,  «Sigma».  
 «Sigma» , -

.  ~ 50 ° , -
 225 ° . , -

 «Sigma»,  > 50 ° .  
-

 (13C  31 ). 
 13C  «Sigma» ( . 2 ) -

 75 ., .  
 «Sigma» ( . 2 ), , -

.  13 ,  
. 2 ), , , ,  176, 102, 83, 62  

28 .,  40±10% .  
 = 83, 62 ., , -

, , ,  1. -
 

.  

 1.  «Sigma» ,  
 

, %  
 «Sigma»  I  II 

 9,28 7,27 6,65 
 2,72 4,39 3,56 
 55,1 55,2 54,66 
 22,63 16,71 14,78 

N – 4,0 – 
Mg – 8,84 7,95 
K – 3,46 4,31 
Na 12,72 – 3,03 

 – 1,04 1,11 
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 31P  ( . 3 , )  1,6 . ( -
)   0,95  .  (  «Sigma»).   

 (  P–O). -
. 

 
 «Sigma» , .  31  -

 , . 
 I, II 3. , 2 . -

,  I  II  2. -
, ,  3%  NaCl, -

 Z 3.  
 II.   Z   I,  II   «Sigma» 

.  

 
. 1. :  – ; ,  – ,   

 –  I,  –  II) 

  

. 2.  13 , 
 ( )  «Sigma»  

,  – , ) 

. 3.  31  
 ( )  

«Sigma» ( ) 



 … 259 

 ( . 3)  
.  I  

 
 (Icor, 2).  ( a) -

 ( k)  
. , : -

a   . 
.  4 -

3  3% NaCl  0,1 . l -
 I. , -

,  ( . 4 , ). , -
 3%  NaCl ,  

,  5–20 . -
, ,  

,  1,35% (  0,1 . HCl)  1,69% ( -
 NaCl).  

 2.  ( , 2 )  (Z, %)  
  

3 
3% NaCl 0,1 . HCl  

 Z  Z 
1,2,4-   0,0906 55,9 0,0383 98,3 
3- -1,2,4-   0,1003 51,1 0,0847 96,3 

 «Sigma» 0,042 62,5 0,417 91,0 
 I 0,0728 64,5 1,0537 54,5 
 II 0,015 86,6 0,802 82,7 

 3. 3  3%  NaCl  0,1 . 
 HCl  

 ,  ba,  b ,  Icor, 2 a k 
=7,0 

NaCl 597 118 336 5,710 – – 
1,2,4-  525 108 561 3,787 5,0 1,3 
3- -1,2,4-  490 106 861 3,587 24,4 2,0 

 I  491 43 606 2,703 11,3 2,0 
=1,0 

HCl 467 60 105 41,93   
1,2,4-  460 48 140 20,3 4,9 2,7 
3- -1,2,4-  468 59 172 21,9 1,3 2,4 

 I 473 74 174 26,3 1,4 2,1 
:  – , b  bc -

; I  – , a – ;  –  
. 

 
. 4. 3  ( )  3% 

 NaCl ( )  0.1 . HCl ( )  (  I) 
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1. , ,  ( -
), . 

2. , ,  
 62,5–86,6%,  

 ( ).  
3. ,  

 NaCl  HCl ,  1,35  1,69%.  

. -
, .  
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Makarenko N.V.*, Kharchenko U.V., Slobodyuk A.B., Zemnukhova L.A. PHOSPHOPROUS-CONTAINING 

PRODUCTS PREPARED FROM RICE WASTES AND THEIR ANTICORROSIVE PROPERTIES 
Institute of Chemistry, Far Eastern Branch of the Russian Academy of Sciences, pr. 100-letiia Vladivostoka, 159, 
Vladivostok, 690022 (Russia), e-mail: makarenko@ich.dvo.ru 
A phosphoprous-containing products was extracted from rice bran and rice husk to examine their element composition 

and structure by the IR and NMR spectroscopy, X-ray diffraction (XRD), and differential thermal analysis (DTA). Influence of 
organophosphorus compounds prepared from the rice production waste on corrosion of low-carbon steel St3 in aggressive 
media was studied by the gravimetric and potentiodynamic methods, as well as by the scanning electron microscopy 

Keywords: rice bran, husk, phytic acid derivatives, corrosion inhibitors.  
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