
18

    

    Creative Commons Attribution 4.0 License. 

 
DOI: https://doi.org/10.17308/kcmf.2020.22/2525 ISSN 1606-867

   04.02.2020 eISSN 2687-0711
   15.03.2020

  25.03.2020

 539.216.2:537

     
     , 

   
  XXIII      

«       » ( , 1–4  2019)

© 2020  . . a, . . a, . . b, . . b, . . b, 
  . . b

a     . . . , 
. , 8,  394087,   

b   , 
 ., 1,  394018,  

          
  ,    ,   .    

          
    :  KNa2Ca2(Si29Al7) 72·24H2O,  

Ca0.2(AlMg)2Si4O10(OH)2·4H2O   MgAlSi4O10(OH)·4H2O,     , 
  -   -        

. 
         

 ,   48        71  
  30           . 

          -  
     -       .  

           -
           
   Si L2,3,       

SiO1.8        ,      SiO2, 
   . 

 : , , , ,   
 ,  ,  ,    

  .
 :          

      .
 :  . .,  . .,  . .,  . .,  . .,  . . 

          
,   .     . 2020;22(1): 

18–27. DOI: https://doi.org/10.17308/kcmf.2020.22/2525 

  , e-mail: ftt@phys.vsu.ru

    , 2020, 22(1), 18–27



19

1. 
 70-      -
 ,   

     -
 .   -
     -
,     – -

 : ,   -
    (Ni2+, Cu2+, Fe3+)  -
   (Ca2+, Mg2+, Li+) [1–4]. 

   -  -
     

   .  -
 ,   -

,      
     

 [3, 4].   -
  ,  , -

 ,      
-  .    

 ,   
 .

     
  , ,  

,    -
    -

    -
    

    -
     -
   .  

   -
       -

   -   
 .   -

   .   
     -

,    ,  
    [3, 4]. -

     (    
   )  -

  .
   

     -
   [5],   -

   -
 , . .  ,  

,    -
     
  ,   -

   .  -
    

    -
. 

 –     
 , ,   , 
   .   -

,      
.     

  , -
   .   -

      -
  ,  

  , -
      

 .
    
    

 ,    -
 ,   -

    -
 .

    -
  ,       
  ,   

    -
  /   : Na, 

K, Ca ( . 1).   -
 ,   ,  

     ( -
   Si-O-Si(Al)),    

  , , , , 
  [6].

    -
    -
    ,   

 ,   -
,    , -
,   ,  -

   ,   
     . .

    -
     -

     
   ( ) 

     -
 ,   -

    
( )    

 ( ). 

2.    
    

    -
 .    -

    ,  
  KNa2Ca2(Si29Al7) 72·24H2O. 

    -

    , 2020, 22(1), 18–27

  



20

     
2/m     a = 

17.671 Å, b = 17.912 Å, c = 7.410 Å, a = 90°, b = 91.59°, 
g = 90° [7].

   -
       -

  Ca0.2 (AlMg)2Si4O10(OH)2·4H2O, 
   -

     
a = 5.169 Å, b = 5.169 Å, c = 15.02 Å, a = 90°, b = 90°, 
g = 120° [8]. 

    -
     -

   MgAlSi4O10(OH)·4H2O 
[9]  -   -

     Pn 
    a = 17. 

864 Å, b = 12.681 Å , c = 5. 127 Å, a = 90°, b = 92.23°, 
g = 90° [9].
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 1.    d (Å)   I (%)   
           

Clinoptillolite-Ca C2/m: a = 15.838 Å, b = 17.912 Å, c = 7.410 Å, a = 90°, b = 91.59°, g = 90° [7]

  PDF 2012 00-039-1383
Clinoptillolite-Ca[7]

d, Å Int. I, %  d, Å Int. I, % d, Å Int. I, %  
1 9.972 22 9.829 7
2 8.896 63 8.896 33 8.950 (020) 100
3 8.423 23
4 7.817 25 7.847 15 7.930 (200) 13
5 6.746 12 6.790 11 6.780 (20-1) 9
6 5.940 (220) 3
7 5.590 (130) 5
8 5.219 43 5.232 20 5.240 (31-1) 10
9 5.092 53 5.117 22 5.120 (111) 12

10 4.866 14
11 4.659 51 4.628 21 4.650 (13-1) 19
12 4.314 31 4.350 17 4.350 (40-1) 5
13 4.261 15
14 4.040 45
15 3.976 (131) 61
16 3.949 100 3.949 100 3.955 (330) 63
17 3.905 (240) 48
18 3.835 (221) 7
19 3.738 (24-1) 6
20 3.707 (041) 5
21 3.569 20 3.545 12 3.554 (31-2) 9
22 3.408 41 3.408 27 3.424 (22-2) 18
23 3.398 40 3.392 (40-2) 12
24 3.333 22 3.333 23 3.316 (002) 6
25 3.170 32 3.161 36 3.170 (42-2) 16
26 3.066 13 3.074 (13-2) 9
27 2.998 (35-1) 18
28 2.968 41 2.964 40 2.971 (151) 47
29 2.785 23 2.792 26 2.795 (62-1) 16
30 2.725 12 2.725 13 2.730 (26-1) 16
31 2.659 12 2.667 (202) 4

 2.    d (Å)   I (%)   
          

Montmorillonite-15 : a = 5.169 Å, b = 5.169 Å, c = 15.02 Å, a = 90°, b = 90°, g = 120° [8]

  PDF 2012 00-013-0135
Montmorillonite-15A [8]

d, Å Int. I, %  d, Å Int. I, %  d, Å Int. I, %  
1 15.00 (001) 100
2 5.01 (003) 60
3 4.451 100 4.442 100 4.50 (100) 80
4 4.043 30 4.025 50
5 3.77 (004) 20
6 3.408 14 3.50 10
7 3.337 10 3.323 26 3.30 (103) 10
8 3.240 38
9 3.208 36 3.166 50 3.02 (005) 60

10 2.550 34 2.547 16 2.58 (110) 40
11 2.50 (006) 40
12 2.112 40 2.161 19 2.26 (200) 10
13 1.88 (008) 10
14 1.689 15 1.679 39 1.70 (210) 30
15 1.50 (00 10) 50
16 1.494 29 1.495 15 1.493 (300) 50
17 1.289 10 1.277 10 1.285 (221) 20
18 1.240 5 1.243 (310) 20
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 3.    d ( )   I (%)  -
            Palygor-

skite Pn: a = 17. 864 Å, b = 12.681 Å, c = 5.127 Å, a = 90°, b = 92.23°, g = 90° [9]

  PDF 2012 00-029-0855
Palygorskite [ 9]

d, Å Int. I, %   d, Å Int., I %  d, Å Int. I, %   
1 10.010 100 10.000 100 10.34 (110) 100
2 6.34 (020) 15
3 5.38 (310) 7
4 4.440 100 4.461 52 4.47 (400) 8
5 4.237 40 4.219 37 4.27 (-211) 3
6 4.11 (130) 3
7 3.95 (-301) 1
8 3.65 (420) 4
9 3.45 (330) 1

10 3.323 82 3.328 100 3.35 (-321) 2
11 3.230 (-131) 3
12 3.228 32 3.199 25 3.170 (040) 10
13 2.535 51 2.547 30 2.536 (050) 6
14 2.122 17 2.121 10 2.113 (060) 1
15 1.973 10 1.964 (910) 1
16 1.814 22 1.815 10 1.814 (070) 1
17 1.662 10 1.672 10 1.672 (271) 1
18 1.501 26 1.502 14 1.507 (181) 2
19 1.488 (12 00) 2
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