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          gr/cm
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         .  
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 2-       ]3[ 

     

  ,   

  , ,   

  ,  

  ,  ,  

   

    

     

  

          HF             .                 

                              .          

         )  mm 3/0   (        

       200  325       Zircon Flour     .    

                .                     

  ZrO2 %66-65    SiO2 % 33-32    TiO2 % 3/0-05/0    .     HfO2    

               .  3              

]5[.  

 3-      ]5[ 

Australia 
India Malaysia 

West coast East coast 
Compositions (%) 

85/3172/3186/32 25/32 SiO2 

38/002/02/0 18/0TiO2 

51/6683/6602/66 53/66 ZrO2 

37/035/02/0 27/0Al2O3 

14/045/033/0 08/0Fe2O3 

38/01/031/0 43/0CaO 

05/004/008/0 05/0MgO 

02/003/002/0 01/0Na2O 

02/002/001/0 -K2O 

24/028/011/0 19/0L.O.I 

    ZrO2 – SiO2)  1 (    ° C 1700        

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
84

.1
.2

.1
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

9-
02

 ]
 

                             2 / 11

https://dor.isc.ac/dor/20.1001.1.17353351.1384.1.2.1.2
http://jicers.ir/article-1-332-en.html


 

 

11

 ZrO2           ° C2250    .     

            ° C1500-1400           

 ]6[. 

              

 1-   ]ZrO2 – SiO22[ 

                              (ZAS)   

   .                10                  

  .                 ]7[.   

              .                       

                                       .

                  .     4               

    ]8[.  

 4-       ]8[  

Zettramur SP   

    

  %)( 

58 ZrO2 

33 SiO2 

3 Al 2O3 

25/0-0 (mm) 

36 (SK) 

1300  (°C) 

18-13     kg100   (liters) 
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       .                           PH   

                                   .  

                    .             

            .                  

     .                             

        .                             

    ) (CMC      ) (PVA              .    

             …  . ]12-9[  

1-1-1-     

1-1-1-1-    

            )H3PO4 (      °C35/42       gr/cm
3  

  88/1   

                       .           

        85-70 %     .    5                      

 ]13[ .   

1-1-1-2-   

                                   .  

                           .     , 

O–P–O       125-95        O–P–O      180-120     . 

         .        (R)  

      (Na2O,K2O,CaO,H2O)      (P2O5)   

 6    ]1514[ .  

 5-      ]13[  

  (%)   
  

75 80 85 105 

     (H3PO4) % 1/75 3/80 5/85 1/105 

P2O5 (%) 4/54 2/58 9/61 1/76 

 (15,5ûC ,gr/cm3) 57/1 63/1 68/1 93/1 

 (cal/gr ûC at 21ûC) 48/0 46/0 44/0 37/0 

 (cp at 25ûC) 12 17 23 440 

  (ûC) 5/17- 6/4+ 1/21+ 16+ 

 6-       )R( ]14[ 

3  

3-2      

2   

2-1    

1  

1-1-1-3-    
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                  .                   

            MgO  CaO           .        

            ]16[. 

1-1-1-4-    

        )     50   (  .       ,        

         ) Al(H2PO4)2 (        MAP                

     ,          .              

          °C200-100              Al2O3     P2O5      33/0 

   .                         .     

             °C100     .                

       °C350        ]17[.  

1-1-1-5-    

         (NH4)3PO4,(NH4)2HPO4,(NH4)H2PO4           

           .                   

 ]17[.  

2-   

                                    

 .                    

                             .              

     ) 4 (      ) 7(       

8   . 

 7-        

L.O.I Na2O CaO TiO2 ZrO2 Fe2O3 Al2O3 SiO2   

6/12 1/0 65/0 2/0 -- 83/0 37 35/47  )( 

3/0 -- -- -- 66 1/0 6/0 33  ) (

 8 -          

      

70 (Mesh)350-  

30-20 m5  

10-0 (Mesh)60-   

5-1 -- P2O5 

          .                 

        P2O5                               

 .     P2O5         (Na2O.6P2O5)      

(Na2O.3P2O5)    NaAl(HPO4)  (H3PO4)     .   

                                 .    
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     .                                 

                                              

               .                 )aging ( 

  10                   .                   

mm 12 × 23× 200   .       24         

                             .                

     .        °C 110     24                

          500  1200    °C 1450      3          /h C150 

.      )           (               °C 1450)  

 5  ( (ATSM  C20-97)                2 

   .        (M.O.R)                           

  (Schenk)    (ASTM C133-97)      .  )   

5     (      3      .              

P.A A.P.N   T.P.PH.M.P                    

         .  

  
(a) 

 
(b) 

 2-     )a (   )b (   P2O5        

  ûC1450  

            P2O5     )5 % P2O5  

  T.P.P(                      

            5% P2O5     T.P.P             

                 .  4    5                  

   .                            X       

  (X-Ray  Philips X-Pert) .  
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        (a) 

    (b) 

        (c)  

 3-        P2O5          

)a( C û500 ) b( ûC1200 ) c( ûC 1450 

      X   5 % P2O5   T.P.P   10 %    

  °C 1450     .              

     5 %P2O5   T.P.P   10 %         °C 

1450       )SEM+EDS Cambridge 360 (     .

 EDS           .  8          

        9 EDS           . 
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 5-                %5 P2O5  T.P.P 

    ûC1450  

3- .      

3-1-        

  (b)  (a)2                

 P2O5   ºC1450    .            

    gr/cm
33,5-3   .     A.P.N        

  .    (b)2           %26-18     .    

  5 %  P2O5     T.P.P        %13               .  

  3                               

 P2O5         .        P2O5 

                       .       T.P.P         

       .  ºC 500  MPa 5       3-5%  

P2O5     T.P.P     .                          

                                

     .                      

)      °C 110(                                   

                                ]8[ .     

                     A.P.N             .   (b)3  

                    ºC 1200         .            

                   .             T.P.PP.A   

  3-5 %  P2O5          MPa 13         .             

  ºC 1450         5 %   P2O5     T.P.P   

    MPa38       .                              

                  %3-5       P2O5       T.P.P   P.A   

              .             

                                  ]14[ .

                                     

                                            

      ]17[ . 
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 6-     

Al2O3-SiO3-ZrO2   ]13[  

3-2-       

                                        

   5  7    10                              .  

                5 %P2O5     T.P.P                  

   .  4                                5 

                              ºC 1450        .

                              ºC 500     

       .                        1200ºC 1450     

         .              6             

                  SiO2-Al2O3-ZrO2                    67 %

ZrO2        33 %SiO2          /60  %ZrO2      6/35 %SiO2    Al2O32/4 %   .     

      ZrO2-SiO2-3Al2O3.2SiO2                 .     P2O5 

                                     

     ...       .                              

                                     

     C 1550                Al2O3                  .  

                 P2O5  5 %   10-7 %              C 

1450    MPa 58/33-83/27     .                              

         .  

  

  

 7-    

X)XRD(   

 %5 P2O5  

T.P.P      

ûC1450 
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 )a(                                 )b( 

 8- SEM        )a( 250  )b (2000   

3-3-      

  7         5 %T.P.P  10 %          ºC 1450         

 .                                 

 .                                   )> 4 ( %  

   X            .   (a)(b) 8   

    10 %      5 %P2O5                            

C 1450       .                          (a) 

(b) 9         Zr  Si  Al       Si  Zr           .     

                         )C 1450 (    

                             .               

 Al(OH) 3      .                 

                ]19[.  

 

     
)a(                                 )b( 
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4-    

                                    

                     10-7%               

    5-3 % P2O5     .                    C500   

C1450                           

                  .                 

                     5  %P2O5   10 %        C 1450     MPa 

58/33    .  

  
1. H.Shikano, “Refractories Handbook”, Technical Association of Refractories, Japan, 1998.     
2. S.Bannerjee, “Monolithic Refractories”, A Comprehensive Handbook, American Ceramic 

Society, 1998.                                                                    
3. R.Kerbs, “Unshaped Refractory Product”, Proceedings of the International Seminar on 

Monolithic Refractory Materials, Tehran, 1997. 
4. T.Ishino, K.Matano, “High zirconia fused cast refractory and its latest development”, 

UNITECR Proceedings, p.p. 23-25, Japan, 2003.  
5. W. Baumgart, A.C.Dunham, G. Christian Amstuts, “Process Mineralogy of Ceramic 

Materials”, Grammlch Plizhausen, 1984. 
6. W. Bilke, D. Paetsch, “Ceramic Monographs Handbook of Ceramics”, Verlag Schmid 

Gmbh, Germany , 1979. 
7. S.Veladimier, P.Primachenko, “Rammed mix from zirconium dioxide stabilized by yttrium”, 

UNITECR Proceedings, p.p. 221-224, Japan, 2003. 
8. Y.Yoshimi, M.Tanaka, Y. Ishikawa, “Development of self-hardening phosphate bonded 

patching materials”, UNTECR proceedings, p.p. 39-42, Japan, 2003.    
9. Z.Li, G.Ye, “Bonding and recent progress of monolithic refractoris”, Interceram, Vol.41, 

No.3, 1992. 
10. K.Othmer, “Encyclopedia of Chemical Technology”, Third edition, V.4, John Wiley and 

Sons, 1978. 
11. K.Fisher, “Chemical bonds for refractory materials”, American Ceramic Society, No.12, 

p.p.51-64, 1969. 
12. H.D.Sheets, J.J. Bulloff and W.H.Duchworth, “Phosphate bonding of refractory 

composition”, Refractories, Vol.34, No.9, p.p.402-406, 1958. 
13. J.E.Cassidy, “Phosphate bonding, then and now”, Ceramic Bulletin, Vol.56, No.7, 1977. 
14. J.E. Cassidy, “A review of phosphate-bonded refractories in high temperature chemistry of 

inorganic and ceramic materials”, The Chemical Society, London, 1976. 
15. C. Toy, O.J. Whittemore, “Phosphate bonding with several calcined aluminas”, Ceramic 

Internatianal, Vol.15, p.p. 167-171, 1989. 
16. M.J. OHARA, J.J. Duga, H.D. Sheets, “Studies in phosphate bonding”, Ceramic Bulletin, 

Vol.51, No.7, 1972. 
17. A.H. Foessel and W.S. Treffner, “Improved phosphate – bonded basic refractories”, 

Ceramic Bulletin, Vol. 49, No. 7, 1970. 

18. Rath S.R., “Phase Diagram for Ceramists”, Vol. IV, American Ceramic Society, Ohio, 1984. 

19. V.K.Marghussian, R.Naghizadeh, “Chemical bonding of silicon carbide”, Journal of the 
European Ceramic Society, 19, 2815-2821, 1999. 

 
  

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
53

35
1.

13
84

.1
.2

.1
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ce
rs

.ir
 o

n 
20

25
-0

9-
02

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://dor.isc.ac/dor/20.1001.1.17353351.1384.1.2.1.2
http://jicers.ir/article-1-332-en.html
http://www.tcpdf.org

