
  

23 

 
 

 
 

 
 

 
 

4040
 

 
 

 
9393

 

 
  

               

   ZnO   

 
1

  
1

  
1

   
2

  
3

  

1             

2         

3      

:                                     

ZnO       .                                 

        ZnO     .                     

     .                        .          

                   .                

                            .              

                                            

        .                  SEM         

       EDX  Map Scan   .           X 

    XRD     .                .            

    I-V     .                 ºC1100                  

                        .                      97 %

     41 =   VT = 1730 V/cm .  

 :        

1-   

      ZnO                              

                              

                                 .    

                                     

         .                   

                 .           

                            .          

                 )               

 (                              

 .                                     

                                          

  .                      

 .                         . 

                                    

                  

  

M
a

n
i_

a
z
a

d
m

a
n

d
@

y
a

h
o

o
.c

o
m

 

    

     

    

    

   .  

  

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
93

.1
0.

4.
1.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

7-
14

 ]
 

                               1 / 9

https://dor.isc.ac/dor/20.1001.1.17353351.1393.10.4.1.9
https://jicers.ir/article-1-107-fa.html


 

24 

 
 

 
 

 
 

 
 

 
 

4040
 

 
 

 
9393

 

 
  

   .                      )             

 (                               .         

                                                   

           .                                

  .                     .         

                                             

                 .                -  )I-V (   

 .  

1(     I = KV  

        K               .                   

ZnO                           .                   

               .                             ZnO 

 .  

2(  VT = 3d/D  

                                        ZnO 

 .                                  

         .                                   

              ]4 .[          

                                 .    

     Bi2O3        .  

2-     

                                               

   .     )1 (  .  

 1-          

    %    )nm(         )gr/cm3(  

ZnO  5/99  20     Nano Amor  6/5  

Bi2O3  8/99  210-90     Nano Amor  9/8 

Sb2O3  9/99  210-90  _  Nano Amor  2/5 

CoO  5/99  50     Nano Amor  45/6 

Polyvinyl Alcohol _  _  _  Sigma  2/1 

                                     90 %  

                    Bi2O3  Sb2O3  Co2O3  MnO2    Cr2O3   ]5 .[        

                 .                      

    )2 (  .  

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
93

.1
0.

4.
1.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

7-
14

 ]
 

                               2 / 9

https://dor.isc.ac/dor/20.1001.1.17353351.1393.10.4.1.9
https://jicers.ir/article-1-107-fa.html


 

25 

 
 

 
 

 
 

 
 

 
 

4040
 

 
 

 
9393

 

 
 

 2-             

   ZnO Bi2O3  Sb2O3  CoO  PVA  

   95  3  5/1  5/0  75/0  

                           .             

 .         )1 (  . 

  

 1-        

                                     

                   .                              

               .                                 

        50 %       .                      ZnO      

]8-6 [     .                    .       

                    W 900      GHz 45/2                ºC 1600 

   .                                      .     

                   .          ]10-9 [            

               .                      

                           .                        

      ºC/min 20     .              1000  1100    1200        

       .                                         

            .            30        .  

                         .                    

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
93

.1
0.

4.
1.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

7-
14

 ]
 

                               3 / 9

https://dor.isc.ac/dor/20.1001.1.17353351.1393.10.4.1.9
https://jicers.ir/article-1-107-fa.html


 

26 

 
 

 
 

 
 

 
 

 
 

4040
 

 
 

 
9393

 

 
  

           .                     .               

                          ºC1500     .          

                              ºC1100     .             

                 ]9[         

   ºC/min 5  1        .      3  .  

 3-          

 

  

ºC 1000 

  

ºC 1100 

  

ºC 1100 

   

   

ºC 1200 

  

ºC 1100 

  

    

ºC 1100 

  

  

ºC 1100 

   

   A B  C D  E  F G  

                                    

 .     SEM     TESCAN   VEGII XMU     .

      EDX   .            Map scan 

   .                X          XRD    STADI-MP     

STOE         .                        I-V   

 .                                         

   KONTAKT CHEMIE      .         

                                 .             

           .                          

      IL .  

3 -      

                                       

                F    G         .                     

                .  

              2    .  

  

 2-       

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
93

.1
0.

4.
1.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

7-
14

 ]
 

                               4 / 9

https://dor.isc.ac/dor/20.1001.1.17353351.1393.10.4.1.9
https://jicers.ir/article-1-107-fa.html


 

27 

 
 

 
 

 
 

 
 

 
 

4040
 

 
 

 
9393

 

 
 

3            .  

  

 3-     A , B , C , D , E         

      3          A                  1000         

  ZnO          m 1              )     ( .       

                      ºC 1000                       

   ZnO       .            .       

      B              ºC 1000      ºC 1100    ZnO             m 6-3   

    m 4     .                               

   .     C               ºC 1100                      .  

    D         ºC 1200      .          m 7-3    

m6   .       E                                      

                                               

     .   ZnO    m 5-2   m 5/3       

                       .               

C                  ZnO            E                    

         .        Map      

     4   .  

10 m 10 m 10 m 

10 m 10 m 

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
93

.1
0.

4.
1.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

7-
14

 ]
 

                               5 / 9

https://dor.isc.ac/dor/20.1001.1.17353351.1393.10.4.1.9
https://jicers.ir/article-1-107-fa.html


 

28 

 
 

 
 

 
 

 
 

 
 

4040
 

 
 

 
9393

 

 
  

  

 4-  Map Scan   A  

    4                    

                                     .

  Map  5         C . 

  

 5-  Map Scan    C  

        5                                  

       .                             

                                              

          .  

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
93

.1
0.

4.
1.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

7-
14

 ]
 

                               6 / 9

https://dor.isc.ac/dor/20.1001.1.17353351.1393.10.4.1.9
https://jicers.ir/article-1-107-fa.html


 

29 

 
 

 
 

 
 

 
 

 
 

4040
 

 
 

 
9393

 

 
 

  

 6-  XRD    ANM1000) P:Pyrochlore, Z:ZnO, S:Spinel(  

    XRD      A          )Zn2Sb3Bi3O14(     )Zn7Sb2O12 (    .      

  ]11 [  3   ºC 1050-950           .  

3           (2Zn2Bi3Sb3O14 + 17ZnO (950-1050 C°)  3Zn7Sb2O12 + 3Bi2O3  

   XRD     A      ºC 1000        .  

  

 7-  XRD   C) P:Pyrochlore , Z:ZnO , S:Spinel , B:Bi2O3(  

  XRD        C              .    XRD 

  A      C                  ºC 1000    ºC 1100             

     .                              .    

      I-V       .8                     .           

ºC 1000               I-V       .  

                          ºC 1100     

                     .              ºC 1100    ºC 1200        

               .    I-V                        

                   .     

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
93

.1
0.

4.
1.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

7-
14

 ]
 

                               7 / 9

https://dor.isc.ac/dor/20.1001.1.17353351.1393.10.4.1.9
https://jicers.ir/article-1-107-fa.html


 

30 

 
 

 
 

 
 

 
 

 
 

4040
 

 
 

 
9393

 

 
  

                  ZnO            )2 (            

  .   

  

  

  

 8-      I-V  

                I-V                         ºC 1100    

                                         

          .  

4 -    

          ZnO               .              

                                    

           .          ºC 1100                  

                                         

   .            ºC 1100                       ºC 1000   

ºC1200       .                 ºC 1100                  

     .                                  

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
93

.1
0.

4.
1.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

7-
14

 ]
 

                               8 / 9

https://dor.isc.ac/dor/20.1001.1.17353351.1393.10.4.1.9
https://jicers.ir/article-1-107-fa.html


 

31 

 
 

 
 

 
 

 
 

 
 

4040
 

 
 

 
9393

 

 
 

             ºC 1100                            .       

                  . 

  

]1 [   .  "                      ZnO/SiC         

"                -                 

1392  

]2 [   .  "            ZnO        "              

 -        1384  
[3] Mourad Houabes, Renaud Metz, (2007), “Rare earth oxides effects on both the threshold voltage and 

energy absorption capability of ZnO varistors”, Ceramics International 33, 1191–1197. 
[4] SCENIHR Group, (2010), Scientific basis for the definition of the term “nanomaterial”, European 

Commission. European Union 2010, ISSN 1831- ISBN 978-92-79. 

]5 [                           .  "                   

   "    3  1384.  
[6] XU Dong, CHENG Xiao-nong, YAN Xue-hua, (2009), “Sintering process as relevant parameter for Bi2O3 

vaporization from ZnO-Bi2O3-based varistor ceramics”, Trans. Nonferrous metal. Soc.China 19, 1526-
1532. 

[7] Marco Peiteado, Jose Fernandez, Amador Caballero, (2007), “Varistors based in the ZnO–Bi2O3 system: 
Microstructure control and properties”, Journal of the European Ceramic Society 27, 3867–3872. 

[8] Friedrich Raether , Mohammad Lutful Arefin, (2009), “, Kinetic field approach to study liquid phase sintering 
of ZnO based ceramics,” Jurnal of ceramics international 36, 1429-1437. 

]9 [   .  "                     ZnO-SiC            " 

        -        1389  
[10] Nan Lin, Wan-Chu Lee, Kuo-Shung Liu , Hsiu-Fung Cheng, Mien-Win Wu, (2001), “On the microwave 

sintering technology for improving the properties of semiconducting electronic ceramics “, Journal of the 
European Ceramic Society 21 (2001) 2085–2088. 

[11] Mohammad Lutful Arefin, Friedrich rather, David Dolejs, Andreas Klimera, (2009), ”Phase formation during 
liquid phase sintering of ZnO ceramics,” Journal of ceramics international 35 3313-3320. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
93

.1
0.

4.
1.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

7-
14

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

https://dor.isc.ac/dor/20.1001.1.17353351.1393.10.4.1.9
https://jicers.ir/article-1-107-fa.html
http://www.tcpdf.org

