
     

  

  

  8   1  1398  

1  

  

       

 -   -   

 
1*

   
2

  
2

  

1            
2           

* abbasian@eng.usb.ac.ir 

 :    :  

 :30  1397    

 :15  1398    

    

 :    

       

   

STA  

  

                               

                       .

                                  .

               .                      

)STA (            )XRD (         .     

    )SEM (                   .    

                                       

            .         

               .                   

            °C1330     .                

         .  

  

1-   

           Mg2Al4Si5O18      

              MgO-Al2O3-SiO2 

  ]1[ .               

                    

                   

        ]1-3[ .  

        ]2 ,4[       

  ]2[    ]4[  

       ]1[  

    ]5 ,6[            ]2[ 

            ]4[     

]4 ,5[        ]7[          ]1 ,

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.1

.1
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

6-
06

 ]
 

                             1 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.1.1.2
http://ijcse.ir/article-1-669-en.html


      - -   

 

2    8     1    1398  

 

4[      ]2 ,4[          

.  

                     

            ]8[ .     

      MgO SiO2  

Al2O3                  .  

                  

 .                       

    ]9[ .   

                  

   .                   

  ]10[       1954               

            .          

              )1 (  )4 (  

 .  )1 (   °C800  

       .                 

  )2 (               .  

      °C1000        

  ) (      .     

                  .    

 °C1150         

           .      ]11 [

      1954               

    °C1300    . 

   ]10 [  ]11 [  

       .  

1(            OHSiOAlOH2.OSiAl 272
C800

2722  

2(  OH)amorphous(SiOMgSiO3OH.OSiMg 223
C800

21143  

3(         )itcristobael(SiOSiOAlOSiAl 252
C1000

722  

4(       182
C1150

3252 O5SiAlMg3MgSiO6SiO5SiOAl2 4  

                          

               )  (  

  )5 ( )8 (   ]10[ .  

5(                  2
C800

3 COMgOMgCO  

6(            42
C900

32 OMgAlOAlMgO  

7(         )itcristobael(SiO)amorphous(SiO 2
C1100

2  

8(          18542
C1200

242 OSiAlMgSiO5OMgAl2  

    ]5[   2013    

                   

              .       

        °C1000  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.1

.1
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

6-
06

 ]
 

                             2 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.1.1.2
http://ijcse.ir/article-1-669-en.html


     

 

  8     1    1398  3  

 

                  

        °C1250       .     °C1250 

                         

              .     °C1350 

                        

     .  

      ]9[      2012        

                   

                       .

                 

                          

   .                

    .     

  )MgO(                

    ]8[   2018    

                      

   .               

     .   XRD    

                    

             .       

    °C950                 

        .     °C1000       

                         

                 .     

    °C1100                     

        °C1150               

  °C1200     .    

                    

   .                    

       1150    °C1200       .

      °C1250            

   .  

                      

                  

                   . 

                   

                 

              .        

                  

         .          

                     

  .       

                        

                  

                            

       .             

                   

                       °C400 

    ]12 .[                 

        . 

                        

        )     (

  ]13 ,14 .[                   

                     

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.1

.1
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

6-
06

 ]
 

                             3 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.1.1.2
http://ijcse.ir/article-1-669-en.html


      - -   

 

4    8     1    1398  

 

           .        

                      .

                       

      ]15.[  

2-    

2-1 -   

                      

 6/98      nm 20-15 

                     

PFR 20    8/99         

   10       2/2 

    Alteo       

              105833         

     .               

  XRD       .   XRD       1 

        .                 

                       

      )1862-075-01 (     .  

                   

  )0100-003-00 (                

         .               

  XRD    SiO2        20     30 

                        

          .           

       ) Mg2Al4Si5O18( 

                      

      2                    

   .            60      

      2                   

               .     

                  98/32    

     )nano-SiO2(  38/22       

    )Al2O3 (  64/44            

)MgCl2.6H2O (.  

  

 1-  XRD      )Al2O3(   )MgCl2.6H2O (   )nano-SiO2.(  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.1

.1
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

6-
06

 ]
 

                             4 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.1.1.2
http://ijcse.ir/article-1-669-en.html


     

 

  8     1    1398  5  

 

3-     

                 

              )DTA (     

  )TG (    TA         

         .          

                     

                     

            3          

 350 525 750 900 1050 1150 1290 1330 

  °C1390     .              

                

 )XRD (   D8 Advance   

         .     

        

    )SEM (            

  )EDS (      KYKY       

EM3900M    .  

4-     

                  DTA-TG   

   °C min
-110         

    98/32           38/22 

            64/44       

          2         .    

      DTA              

  105  °C118       

°C146       .               

    7/19        TG   .       

  ]16 ,17[                 

            MgCl2.6H2O   

            )9 (

  . 

9(    
)g(OH)n6()s(OnH.MgCl

)s(OH6.MgCl

222

22  

                     

°C179       .               

7/4        TG   .       ]16 ,17[ 

                      

Mg(OH)Cl      )10 ( .       

 HCl         . 

10(   
)g(OxH)g(HCl)s(OmH.Cl)OH(Mg

)s(OnH.MgCl

22

22  

                      

°C237            3/4         

TG  .    ]16 ,18 [  

                      

   Mg(OH)Cl   )11 (

.  

11(          
)g(OmH)s(MgOHCl

)s(OmH.Cl)OH(Mg

2

2  

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.1

.1
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

6-
06

 ]
 

                             5 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.1.1.2
http://ijcse.ir/article-1-669-en.html


      - -   

 

6    8     1    1398  

 

  
 2-    DTA-TG    °C min-1

 10        98/32  

   38/22       64/44      .  

               °C457    

   .                   

4/11        TG               

      0/2    4/9           .  

                  °C457    

  MgO    MgOHCl   .   3     XRD 

                    

      .                   

°C350       Al2O3           )1862-

075-01 (  MgOHCl        )0100-003-00 (

 .          SiO2             

       .     °C525            

MgOHCl                    Al2O3 

              MgO         

  )7746-089-01 (     .      

      MgO    MgOHCl       

)12(                     °C457 

 .                   

)11 (       HCl                 

       .           

]16 ,18[  .  

12(     HCl(g)MgO(s)MgOHCl(s)

  

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.1

.1
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

6-
06

 ]
 

                             6 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.1.1.2
http://ijcse.ir/article-1-669-en.html


     

 

  8     1    1398  7  

 

  

 3-  XRD     )98/32   (nano-SiO2 )38/22   (Al2O3  )64/44 

  (MgCl2.6H2O    350 525 750 900 1050 1150 1290 1330  °C1390   3 

    .  

      °C1000-800             

              TG       .

    3       °C750     XRD       

        °C550       .     

  XRD   °C900     

     )2932-900-96 ( .

                    

°C1000-800                   

     )13 (  .     4       

              °C900      

   .      3      XRD      

      °C1050           °C900    

       .      SEM       

          °C1050)   4 (   

     .              

  SEM          EDX      .

                     4   

 1   .   

13(     )s(MgSiO)s(SiO)s(MgO 32  

        1100    °
C1200       

       .     °
C1150       

        )0939-076-01 (    

XRD   .              

   )5130-089-01 (   .

                       

  DSC                     

  ) (          

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.1

.1
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

6-
06

 ]
 

                             7 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.1.1.2
http://ijcse.ir/article-1-669-en.html


      - -   

 

8    8     1    1398  

 

         )14 (  .     

          °
C1150      4      

     .                 

      .  

14(          )s(MgSiO)s(SiO)s(MgO2 42  

          °C1290      XRD 

           

               Al2O3   

            MgO       .

                       

MgAl2O4      )2100-900-96 (

 .             °C1290 

    MgO         Al2O3           

  )15 (   MgAl2O4 

   .      MgO          

                   )16 (

   .                 

°C1290   4      .  

  

 4-         )98/32   (nano-SiO2 )38/22  

 (Al2O3  )64/44   (MgCl2.6H2O    ) (900 ) (1050 ) (1150  ) (°C1390  

 3     .  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.1

.1
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

6-
06

 ]
 

                             8 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.1.1.2
http://ijcse.ir/article-1-669-en.html


     

 

  8     1    1398  9  

 

 1-  EDX       4      4  

       

O 40/63 79/74 

Mg 51/6 05/5 

Si 56/29 87/19 
1 

Al 53/0 29/0 

O 05/54 29/65 

Mg 87/28 95/22 

Si 08/17 75/11 
2 

Al - - 

O 02/56 31/68 

Mg 16/1 26/1 

Si 21/10 02/7 
3 

Al 61/32 41/23 

O 5/48 77/61 

Mg 37/8 04/7 

Si 46/23 08/17 
4 

Al 67/19 11/14 

  

15(       )s(OMgAl)s(OAl)s(MgO 4232  

16(     )s(SiOMg)s(MgSiO)s(MgO 423  

  °C1330   XRD     

        

      )Mg2Al4Si5O18 (      

  )1121-084-01(        )Al2SiO5 (

        )1568-900-96 ( .   

    °C1390               

                       

       .          

          °C1370         

DTA            °C1330            

                  

)17(  )18 (  )19 (   .          

 6/2      TG   

    )  2 (            

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.1

.1
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

6-
06

 ]
 

                             9 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.1.1.2
http://ijcse.ir/article-1-669-en.html


      - -   

 

10    8     1    1398  

 

         . 

                          

                      

     .                

         

     XRD      

                    

                      

                   

     . 

17(          )s(SiOAl)s(OAl)s(SiO 52322  

18(  
)s(OSiAlMg

SiOMg)s(SiOAl2)s(SiO2

18542

42522  

19(           
)s(OSiAlMg

)s(OMgAl2)s(SiO5

18542

422  

    4       SEM            

        °C1390            . 

                      

                       

           .       

      3 .  

5-    

                  

       .  

-         °C460  

-                  

   °C900  

-         

°C1100  

-         

   °C1150  

-        

      °C1290  

-                

     °C1290  

-                 

  °C1330  

-               

     °C1330  

-        

     °C1330  

    

                 

        . 

  

[1] M. Kiani, T. Ebadzadeh, “Effect of 

mechanical activation and microwave 

sintering on crystallization and 

mechanical strength of cordierite 

nanograins”, Ceramics International, Vol. 

41, pp. 2342-2347, 2015. 

[2] A. Srivastava, V. Kumar Singh, V. 

Kumar, P. Hemanth Kumar, “Low 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.1

.1
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

6-
06

 ]
 

                            10 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.1.1.2
http://ijcse.ir/article-1-669-en.html


     

 

  8     1    1398  11  

 

cement castable based on auto 

combustion processed high alumina 

cement and mechanochemically 

synthesized cordierite: Formulation and 

properties”, Ceramics International, Vol. 

40, pp. 14061-14072, 2014. 

[3] Y. Li, X. Cheng, R. Zhang, Y. Wang, H. 

Zhang, “Effect of Excess MgO on the 

Properties of Cordierite Ceramic Sintered 

by Solid-State Method”, International 

Journal of Applied Ceramic Technology, 

Vol. 12, pp. 443-450, 2015. 

[4] T. Tunç, A. . Demirkõran, “The effects 

of mechanical activation on the sintering 

and microstructural properties of 

cordierite produced from natural zeolite”, 

Powder Technology, Vol. 260, pp. 7-14, 

2014. 

[5] G. Parcianello, E. Bernardo, P. Colombo, 

“Cordierite ceramics from silicone resins 

containing nano-sized oxide particle 

fillers”, Ceramics International, Vol. 39, 

pp. 8893-8899, 2013. 

[6] L. Fiocco, E. Bernardo, “Novel cordierite 

foams from preceramic polymers and 

reactive oxide fillers”, Materials Letters, 

Vol. 159, pp. 98-101, 2015. 

[7] Z. A imovi -Pavlovi , L. Andri , V. 

Miloševi , S. Mili evi , “Refractory 

coating based on cordierite for 

application in new evaporate pattern 

casting process”, Ceramics International, 

Vol. 37, pp. 99-104, 2011. 

[8] D. Redaoui, F. Sahnoune, M. Heraiz, N. 

Saheb, “Phase formation and 

crystallization kinetics in cordierite 

ceramics prepared from kaolinite and 

magnesia”, Ceramics International, Vol. 

44, pp. 3649-3657, 2018. 

[9] J. M. Benito, X. Turrillas, G. J. Cuello, 

A.H. De Aza, S. De Aza, M.A. 

Rodríguez, “Cordierite synthesis. A time-

resolved neutron diffraction study”, 

Journal of the European Ceramic Society, 

Vol. 32, pp. 371-379, 2012. 

[10] G. N. Zirczy, “Kinetics of cordierite 

formation”, The Faculty of the Division 

of Graduate Studies and Research, 

Georgia Institute of Technology, 1972. 

[11] R. S. Lamar, M. F. Warner, “Reaction 

and Fired-Property Studies of Cordierite 

Compositions”, Journal of the American 

Ceramic Society, Vol. 37, pp. 602-610, 

1954. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.1

.1
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

6-
06

 ]
 

                            11 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.1.1.2
http://ijcse.ir/article-1-669-en.html


      - -   

 

12    8     1    1398  

 

]12 [  .  .  . " 

                

        °C 400"      

5  14  .99-92 1392. 

[13] M.G.M.U. Ismail, H. Tsunatori, Z. 

Nakai, “Preparation of Mullite Cordierite 

Composite Powders by the Sol-Gel 

Method: Its Characteristics and 

Sintering”, Journal of the American 

Ceramic Society, Vol. 73, pp. 537-543, 

1990. 

[14] L. Nikzad, S. Ghofrani, H. Majidian, T. 

Ebadzadeh, “Microwave sintering of 

mullite–cordierite precursors prepared 

from solution combustion synthesis”, 

Ceramics International, Vol. 41, pp. 

9392-9398, 2015. 

]15 [  .   .   .   .     

"     

"               

6 22  .1586-1577 1396. 

[16] Q.-Z. Huang, G.-M. Lu, J. Wang, J.-G. Yu, 

“Mechanism and Kinetics of Thermal 

Decomposition of MgCl2 × 6H2O”, 

Metallurgical and Materials Transactions 

B, Vol. 41, pp. 1059-1066, 2010. 

[17] M. Jin, Y. Sun, P. Li, J. Yu, J. Ulrich, 

“The thermal decomposition study of 

MgCl2·6H2O·1,4-C4H8O2”, Chemical 

Engineering Research and Design, Vol. 

104, pp. 256-263, 2015. 

[18] Q. Huang, G. Lu, J. Wang, J. Yu, 

“Thermal decomposition mechanisms of 

MgCl2·6H2O and MgCl2·H2O”, Journal of 

Analytical and Applied Pyrolysis, Vol. 

91, pp. 159-164, 2011. 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
98

.8
.1

.1
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

6-
06

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1398.8.1.1.2
http://ijcse.ir/article-1-669-en.html
http://www.tcpdf.org

