
 

 

39

        

  1   2  3  3  

1
   

2
       

3
     

  

:                  

     (F
-
, B

+3
,K

+
)   –      

     .          – 

     PSA, SEM, XRD, DTA       

   .            K
+

  F
- 

  –     .        

  MPa42  Gpa5/2 .  

1-   

                  

         .   KXnY4O10(OH,F)2  

       ]1[ .   3n2   X    

  6  Y       4)   Si
4+  Al

3+ (   .  

          ZXnY4O10F2    Z  

     12)  K      Ca,Ba  Na (    

  . )1 (    (K2Mg5Si8O20F4)    .  

  
 1-      

       SiO4             F  

  O              .     

               .  K  

  12            .    

         .  

          Si        Si  Al 

    Si/Al    3             

  Si  Al          .       

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
84

.1
.1

.4
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                               1 / 7

https://dor.isc.ac/dor/20.1001.1.17353351.1384.1.1.4.3
http://jicers.ir/article-1-330-en.html


 

 

40

     Mg
2+     Li

+
,Ti

4+
,Mn

3+
,Mn

2+
,Al

3+    .  

      –           1970  

  ]2[ .      –             

           .      

                     

          .         

                 

                  

 -       .           

    ]3[ .            

                ]34[.  

 –             ]5[      

                 

 .                 

           KV/mm2 40      

               

             ]25[ .     

             –     

       .  

2-     

 1             .   

             )    99  (  

   )  98 (    )  98  (    )98 ( 

  )98  (    )98  ( .  

 1-      

7GC.  6GC.  5GC.  4GC.  3GC.  2GC.  1GC.    )wt%(  

91/3  08/4  8  6  17/4  09/4  4  K2O  

9  5  68/6  84/6  31/7  16/7  7  B2O3  

09/41  90/42  13/40  06/41  87/43  93/42  42  SiO2  

56/19  43/20  11/19  55/19  89/20  44/20  20  MgO  

63/16  36/17  24/16  62/16  76/17  38/17  17  Al2O3  

78/9  21/10  55/9  77/9  6  8  10  F  

            C1400   1     

  .             C600     

   .              C925  

 8      C/min5   .       

         DTA  STA-1640    Polymer 

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
84

.1
.1

.4
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                               2 / 7

https://dor.isc.ac/dor/20.1001.1.17353351.1384.1.1.4.3
http://jicers.ir/article-1-330-en.html


 

 

41

Labratories   . )2 (      .  

               –    

     (Siemens, D-500)   .        

 3       45  60    . 3        

     1  7   .  

  
 2 -  DTA  1GC.  

         

     –     

   (SEM)  Stereo 

Scane 360   Leica Cambridge 

  .    – 

          

Instron  1196  .    

  50×5×12      

        . ) 

  g100   30  .(  

        

photoplan  .     

    –     

   )  5   (  

        

         

     Analysette 22  

 Fritsch  .  

 3-   XRD    

3-     

         –         

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
84

.1
.1

.4
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                               3 / 7

https://dor.isc.ac/dor/20.1001.1.17353351.1384.1.1.4.3
http://jicers.ir/article-1-330-en.html


 

 

42

      .              

         ]3[        

           )       (   

      ]6[ .             

                   

         ]347[  .        

            .         

        (             

        (     )    ( 

          (      B2O3    

          ]7[ .      )1 ( 

     . 1G.C.              

   -   ]3[ .          

         B
3+

,K
+  F

-   )      

      (  –      .     2GC 

3GC         GC1 4GC7 GC    K2O 

    2GC 7GC    B2O3      .  

 2-          
    1GC.  2GC.  3GC.  4GC.  5GC.  6GC.  7GC.  

   )001( (%) 5/9  79  100  7/40  5/65  65  79  

                  

                

d50(µm)    58/8<  77/8<  71/7<  43/5<  86/4<  97/7<  85/8<  

 MPa  5/25  5/16  5/7  14  42  9  5/5  

 GPa  08/4  46/4  25/3  03/3  51/2  92/2  51/4  

 )2 (   XRD          

           –       .   

 )2 (         2GC 3GC  4GC        

 6GC 7GC    1 GC       5GC  

     .  

      
 4-    1GC.                      5 -   2GC.      

 ) 300(                                                       )  300(  

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
84

.1
.1

.4
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                               4 / 7

https://dor.isc.ac/dor/20.1001.1.17353351.1384.1.1.4.3
http://jicers.ir/article-1-330-en.html


 

 

43

     
 6-    3GC.                          7-   4GC.      

) 300(                                                    ) 300(  

      –  1GC          )001( 

                   . 

                 

    . 4  10        1G.C.  7G.C.   

          .       

  

 8 -    5GC.     ) 300(  

  –  5GC               

   –                 

 .                 

   –  5GC           

      ]48[ . –           

             .  )2 (  

                 

   –          .      

           –    ]9[ .   

                 – 

 5GC      –     .     

          –           

        5/4           

   ]38[ .            –    

                  

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
84

.1
.1

.4
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                               5 / 7

https://dor.isc.ac/dor/20.1001.1.17353351.1384.1.1.4.3
http://jicers.ir/article-1-330-en.html


 

 

44

                    

      ]348[ .           

   –    .          

    .  

                       

      K
+      –      

   .               

 –      )           (  

    K
+      ]78[ .  Chyung       

K
+                 ]8[ .     

    )8 (          K
+      

                )    

    (     .          

12                

]10[.                  

                    

       K2O    .  

      
 9-   6GC.                            10-   7GC.      

)  300(                                                        ) 300(  

    10  6           – 

     MPa 5/25  GPa07/4 )   1GC ( MPa5/7  GPa25/3)   

3GC (   .           ]11[     

                    

    MgF2        .      MgF2   

              ]81213[ .     

        MgF2            

                      

.  

       –        2O3 B     

                .  

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
84

.1
.1

.4
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                               6 / 7

https://dor.isc.ac/dor/20.1001.1.17353351.1384.1.1.4.3
http://jicers.ir/article-1-330-en.html


 

 

45

4-     

        :  

    K2O           – 

   .  

      SEM   XRD         – 

 )     K2O (           

          .  

  K2O                

                  

   5GC      .  

       F     MgF2        

        .          . 

  
1. Daniels,W.H. & Moore,R.E., "Crystallization of a Tetrasilicic Fluoromica Glass", 

J.Am.Ceram.Soc,58: 217-221(1975). 
2. Beall,G.H., "Design of Glass-Ceramic", Reviews of Solid State Science,World Scientific 

Publishing Company, 3: 333-354(1989). 
3. Grossman,D.G., "Machining a Machinable Glass-Ceramic", Vacuum,28: 55-61(1977). 
4. Grossman,D.G., "Machinable Glass-Ceramic Based on Tetrasilicic Mica", 

J.Am.Ceram.Soc,55: 446-449(1972). 
5. Strand,Z, "Glass-Ceramic Materials", Glass Science and Technology,Elsevier, New 

York,PP: 107-110(1986). 
6. Rothenberg,B.G., "Glass Technology",Noyes Data Corporation,New Jersey,PP: 233-

235(1976). 
7. Meyers,R.A., "Encyclopedia of Physical Science and Technology,Academic Press,New 

York,Volume 7,PP: 450-455(1987). 
8. Chyung,C.K. Beall,G.H. and Grossman,D.H., "Microstructure & Mechanical Properties of 

Mica Glass-Ceramic", in Tenth International Congress on Glass,Part II,Edited by 
Kunugi,M., Tashiro,M. and Saga,N.,The Ceramic Society of Japan,Kyoto,Japan,PP: 14.33-
14.47(1974). 

9. Saraswati.,V., "Development of a Machinable Glass-Ceramic", Advanced Ceramic,PP: 193-
197(1990). 

10. Wachtman,John B, "Mechanical Properties of Ceramics", John Wiley & Sons,New 
York(1996). 

11. Likitvanichkul,S. and Lacourse,W.C., "Effect of Fluorine Content on Crystallization of 
Canasite Glass-Ceramics", J.Mat.Sci.,30: 6151-6155(1995). 

12. Hamasaki,T.,Katsuya,Eguchi.,Yoshinori,Koyanagi.,Matsumoto,A.,Utsunomiya,T. and 
Koba,K., "Preparation and Characterization of Machinable Mica Glass-Ceramic by the Sol-
Gel Process", J.Am.Ceram.Soc.,71[12]: 1120-1124(1988).  

13. Dalal,K.H. and Davis,P.F., "Beta Spodomene-Mica Glass-Ceramic I,Phase Evolution and 
Microstructure", Ceramic Bulletin,56: 991-997(1977). 

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
84

.1
.1

.4
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               7 / 7

https://dor.isc.ac/dor/20.1001.1.17353351.1384.1.1.4.3
http://jicers.ir/article-1-330-en.html
http://www.tcpdf.org

