
 

 

50

 
 

 
 /

 
16

 
 

17
 

 
8

7
 

 
 

8
8

 

         

  

   

      

sabourya@metaleng.iust.ac.ir 

:                                      

                            

                                       

         .                      

                                     

                             .     

                                  )  

           (                   

      .  

 :         

1-   

                                   

           .  

                                        

                                        .    

                         

   ]1[ .  

1-1-     

                                             

 .                                         

                                     

         .          .       

                                          

       ].1[  

                                     

          )         (                 

                                          

  .                                             

              ].2[  

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                             1 / 13

http://jicers.ir/article-1-369-en.html


 

 

51

 
 

 
 /

 
16

 
 

17
 

 
8

7
 

 
 

8
8

 

1-2-          

                                        

           .                        

           .  

  1                                 )     ( 

                   .                       

           ]3[.  

  
 1 -        ]3[  

                  .  

          )UV     (                             

    :  

)1(                                                                              eClhfCl 0

  

)2(                                                                                      
0AgAge  

                                     

        .                                 .  

                     ].3[  

                                          

 .  

              1    Cl
0                     

                        Cl
0              

           Cl
0                    .          

                                      

                    .                       3    

  Cl
0        :  

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                             2 / 13

http://jicers.ir/article-1-369-en.html


 

 

52

 
 

 
 /

 
16

 
 

17
 

 
8

7
 

 
 

8
8

 

)3(                                                                            
20 CuClClCu  

                        4                   

      :  

)4(                                                                              AgClAgCl 00

  

                                                

                   .   1  2  3      5 

  :  

)5(                                                                          
02 AgCuAgCu  

      Ag
0                .            Cu

2+     Cl
0    

  .                                        

      .  

                            .            

    ]3.[  

1-3-          

                                  .

               .  

                                         

                        - -        

     ].4 [                                 

                              

   .                                        

    )       Na2O-SiO2  Na2O-CaO-SiO2](5.[  

                                    

                  .                   

      .                           - 

   ].6[  

                      .                

        -                            

                                     . 

                                          

  .  

                                   ].7 [

                                     15  20 %   .

          ].8 [  

                                       

                                         

 .                                 .        

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                             3 / 13

http://jicers.ir/article-1-369-en.html


 

 

53

 
 

 
 /

 
16

 
 

17
 

 
8

7
 

 
 

8
8

 

                                   

      ].9[  

                                 .     

                                         

 10      ].10[  

1-4-            

-    

                              .        

                     .    AgCl          

  1550               AgBr       700          AgI      

552      .        Ag / Cl     

                                           

        ].11[  

-    

                                       

                   .                

          500    )ev5/2 (                     

  600) ev1/2 ( ].11 [  

                               

    .                 AgCl(Br)               

  AgCl            .         AgBr                  

                        .            

            AgCl                   ].11 [    

               AgBr     .              

           AgBr        .                   

                                       

     ].12[  

-    

                                 .     

                                     .    

    AgCl    AgBr                                  

Ag2O                ].5[  

                                     

   .                                 

 .  

                                    

      .              .              

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                             4 / 13

http://jicers.ir/article-1-369-en.html


 

 

54

 
 

 
 /

 
16

 
 

17
 

 
8

7
 

 
 

8
8

 

                                      20-30 

   .              .                   

       5    .                 

    )     (                             

      .  

                     

                              .      

                 ].13[  

-     

                                     

                                        

  ]14[               
1

                  

              )   (           .     

                                      

         .                              

                    .                  

                                   

          ].15  16[  

                                       

                      5/42          550-700    

    .  

                                           

           )1400-1500   (.  

  
 2 -      ]15[  

B2O3(%)  :  25          20          15        10   

                                                           
1 Fatigue 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                             5 / 13

http://jicers.ir/article-1-369-en.html


 

 

55

 
 

 
 /

 
16

 
 

17
 

 
8

7
 

 
 

8
8

 

 
 3 -  3        SiO2/B2O3  1]15[  

55       60       65     :  CdO(%)  

                                     

                      .              2    3 

  .  

            SiO2 / B2O3        

     .                               .

                                          

60CdO-25B2O3-15SiO2        ].15[  

                                           

  4    5       .                                

   .  

  
 4 -      ]15[  

B2O3(%)    :    25          20          15          10   

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                             6 / 13

http://jicers.ir/article-1-369-en.html


 

 

56

 
 

 
 /

 
16

 
 

17
 

 
8

7
 

 
 

8
8

 

  
 5 -   5   ]15[  

nil             0.05              0.01        :    Cu(%)  

                                 

              6    .  

  

 6 -         ]15[ 

               1250                     

 .  

1-5-         

-      

                                  

                                      .

                           1400              

                                   

500-700              .             
1

    

    .                      .       

                                                           
1
 Flat 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                             7 / 13

http://jicers.ir/article-1-369-en.html


 

 

57

 
 

 
 /

 
16

 
 

17
 

 
8

7
 

 
 

8
8

 

                                 

           .  

 –     

                              

        -  .  

      -                                 

                               .        

               -                        

                                             

             .                              

              ]17.[  

                                    

                    
1

              
2

      

       .                  nm80           Ag
+ 

           .                         

    .  

                                         

    .          ]18.[  

                   
3

           .            

    µm 0/1 ]19.[  

                           .              300 

                                 AgCl   

       .         AgCl            XRD  

300        nm20                450             nm16 

  ]17.[  

             AgCl-AgBr              

                     AgCl    AgBr            .

                   .  7       

      Br / Cl+Br    .          400 

    .          Br  Br / Cl+Br     24 

        18/0                 Ag(Cl1-xBrx)          

           Ag(Cl037Br063)            24        Br      

   .                                  .  

                          .                

  Ag(Cl1-xBrx)   ]17.[  

                                                           
1
 Buffer layer 

2
 Spin coating 

3
 Photosensitive layer 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                             8 / 13

http://jicers.ir/article-1-369-en.html


 

 

58

 
 

 
 /

 
16

 
 

17
 

 
8

7
 

 
 

8
8

 

 

 7 -          Br / (Cl+Br)  ]17[  

                Br        40                

     .  

               300    450             UV            

     .  

                  .                  

                       .   

                                           

                 .                   

Cu
2+                                             

                           .         

nm100  ]17.[  

  8                                      

  .  

 

 8 -          ]17[  

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                             9 / 13

http://jicers.ir/article-1-369-en.html


 

 

59

 
 

 
 /

 
16

 
 

17
 

 
8

7
 

 
 

8
8

 

  9                         5               

 ]17.[  

  
 9 -         5   ]17[ 

-     

     
1

                    

             .  

          20               

       .                           

                .  

                                            

           .                        

                                .         

                .  

                                  

  .  

  XRD                                      

     .                                          

 ].20 [10    TEM                         

  .                TEM                         

   AgX   .                                

   .                                

].21[  

                                      

     .           ]22[.  

                                                           
1
 Ion exchange 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                            10 / 13

http://jicers.ir/article-1-369-en.html


 

 

60

 
 

 
 /

 
16

 
 

17
 

 
8

7
 

 
 

8
8

 

  
 10 -   TEM  AgX   ]21[  

                                   

             .                      

                                            

                                         400    

 ]22.[  

                                       .     

                                        

                          .             

                                         

  AgNO3     ]23.[  

2-      

1-                                        

                             

                                      

   ]45[. 

2-                                  

                     .          

                                          

                                  

           AgBr        .             

                                     

          ]1211[. 

3-                               

                                    

                            ]14.[   

                                

                           .              

                   .       

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                            11 / 13

http://jicers.ir/article-1-369-en.html


 

 

61

 
 

 
 /

 
16

 
 

17
 

 
8

7
 

 
 

8
8

 

          1250                   

                           .        

                                    

                    )1400-1500       (

]141516[. 

4-                                  

                                     

           .                        

-                      .            

              )    300     (        

                           

   ]17[. 

5-                                     

                      .        

                                     

                           .        

                      .

                                

                             400         .

                            

   .                           

      .  

  

1.   "       "   1370. 

2.   "     "       1381. 

3. Tseknomsky, Glebov, L.B., Dotsenko and A.V., Photochromic Glasses, CRC Press, New 
York, 1982. 

4. Smith, G.P., Photochromic Glasses: Properties and Applications, J.Mat.science, 2, 139, 
1967. 

5. Dotsenko, A.V., Glebov, L.B., and Tseknomsky, V.A., in Physics and Chemistry of 
Photochromic Glasses, CRC Press, New York, 1998.  

6. Feng, X., And Gao, W., Effect of Phase Seperation on the Optical Properties of 
Photochromic Glasses Containing Halides, J. Non. Cryst. Sol. 11, 302, 1989. 

7. Araujo, R.J., Borreli, N.F., Photochromic Glasses, Optical Properties of Glasses, 
Uhlmann, D.R., Kreidel, N.J., Eds., Westerville, OH, 1991, 25.  

8. Bray, P.J., Nuclear Magnetic Resonance Studies of Glass Spectra, J. Non. Cryst. Sol., 42, 
209, 1980.  

9. Araujo, R.J., Influence of Host Glass on Precipitation of Cuprous Halides, J. Non. Cryst. 
Sol., 1997.  

10. Morimoto, S., Mashima, M., Effect of Composition on Darkening and Fading 
Characterestics of Silver halide Photochromic Glass, J. Non. Cryst. Sol.,42, 1231, 1980.  

11. Stooky, S>D> Beal, G.H. Pierson, J.E., Full-Color Photosensitive glass, J. Appl. Phys. 49, 
5114, 1978. 

12. Moriya, J. Cmposition of Silver Halide Crystal Precipitating in the Alkali Aluminium 
Borosilicate Glasses Containing Ag, Cl and Br, J. Ceram. Soc. Jaipan, 81, 259, 1973.  

13. Caurant, D., Gourier, D., Prassas, M., Electron- Paramagnetic Resonance Study of Silver 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

5-
24

 ]
 

                            12 / 13

http://jicers.ir/article-1-369-en.html


 

 

62

 
 

 
 /

 
16

 
 

17
 

 
8

7
 

 
 

8
8

 

halide Photochromic Glasses: Darkening Mechanism, J, Appl. Phys. 71, 1081, 1992. 
14. Swarts, E.L. & Pressau, J.P., Full-Color Photosensitive glass, J. Ceram. Soc. Japan, 81, 

259, 1973.  
15. Meiling, G.S., Photochromic in cadmium borosilicate glass, Physics and chemistry of 

glasses, Vol.14, No.6, Pages 118-123. 1973. 
16. Meiling, G.S., Studies of Glass Spectra, J. Appl. Phys. 49, 5114, 1978. 
17. H. Tomonaga, T. Morimoto, Photochromic Coating including silver halide microcrystals via 

sol-gel process, Thin Solid Film 392 (2001) 355-360. 
18. Malinovskh, I., The Role of Holes in the Photochromic Prosses, J. Phot. Sci, 16, 57, 1968. 
19. C. Lea, Properties of  Photochromic Prosses, Am. J. Scie. 37(2002) 47. 
20. Armistead, W.H. & Stookey, S.D. Phase Seperation in Photochromic Glasses, Science 

144 (1964) 150-154. 
21. Xie Junlin, He Feng & Xu Chao, Photochromic glass by ion-exchange, Glass Technology, 

Vol.33, No.5, 176-178, 1992. 
22. Araujo, R.J. & Stookey, S.D., Color Photosensitive glass, (1983). Glass Ind. 48, 687-90. 
23. 23- Brinker, C.J. Ion exchang in Photochromic Glasses J. Non-Cryst. Solids 56, (2000), 

179.  

  

 [
 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)

                            13 / 13

http://jicers.ir/article-1-369-en.html
http://www.tcpdf.org

